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NEW BOOKS OF SCIENTIFIC INTEREST 


STEINHAUS. Iilus 


Mathematical Snapshots. H 


trated 135 pp $2.50. G. E. Stechert and Co. 
The | pose of this bo is ft draw attention to 


“ome objects which n ny have escaped notice and others 


which have been tticed without the observer surmis 
wz that they had anything to do with mathematics 
The illustrations re accompanied by brief explana 
ions The book ms t uppeal to the scientist in the 


child and the child in the scientist 


Structural Petrology. ELEANORA B 
EARL INGERSON lu ted 270 


Lllustrated Xllitet c/U pp Ge 
ological Society of America. 


The writers attempt to explain the new method of 





investigation cal “Gefugekunde structural petrol 
ogy), its fundamental principles, which “have now 
formed the basis of the whole modern science of metal 
lography,.”’ and leave the reader to evaluate the appli 


study to particular geologic 


ecability af this method of 
problems 


CHARLES A. FULLER. Tih 


Air Conditioning. lus 
rman W. Henley 


trated ix +577 pp 
Publishing Co. 


An effort has been made by the author to present in 


ond 


Z 


simple terms itioning 


in their sequence, from the beginning of an air-condi 


tioning problem to its solution 


Man and His Lifebelts. Eric T. Bett. 
Williams and Will 


K1Ins, 


vill + 340 
pp. $3.00 


>. 


who introduces his book with the statement 


Dr. Bell 


that scientists are as stupid “socially” as any other 


pricks all man’s lifebelts through 


mass of humanity, 


the ages—religion, democracy industrial revolution 


Marxism, economics, education, psychology and science 


Background to Modern Science. 
NEEDHAM and WALTER PAGEL. xii 
Macmillan. 


Edited by JOSEPH 


243 pp. $2.00. 


\ study of the importance of the his ry of science 


relation to the social and economis 
Each section of the book is 


which it 


and technology in 


background of the time 
expert in the subject with 


the work of an 
deals 


The Human Machine. JOHN YERBURY DENT. vii 


299 pp. $2.50. Knopf. 


In demanding that superstition be excluded in the 
treatment of the human mechanism, the author at 
tempts an objective description of human behavior in 


an attempt to develop a sound materialistic and psy 


chological attitude toward life 


The Peopling of Virginia. 
Illustrated. vill + 302 pp $3.00 Ch 
Grimes, Ine 


\ factual study of the waves of immigration to Vir 


ginia f T 1607 to the present; short histories of the 
opulat 1 each county det ed measurements of 
stature, sitting height, leg length and cephalic indices 


of present derivatives 


THOMAS Hay 
G. P. Putnam 


Plants for the Connoisseur. 
$3.00. 


trated. xi+180 pp. 


This book covers a wide range of both old 


herbaceous plants of interest to the garden k 


plant collector The majority of plants studi 


illustrated by photographs 


Tl! ety 


RAINSFORD Bt 


Van 


TY rp 


Floralia. JUNE 


187 pp. $5.00. Ress Press. 


X1ll 


“Garden Paths and By-Paths of the Eighteent! 


tury.” The 


£ 


author expresses the wish that 


which gives an account of horticultural endeay 
long ago, will aid gardeners “worthily to reflect 


finer spirits through garden activities.” 


BROWN. 2nd Ed 
McGraw-H 


Cotton. HARRY BATES 


Illustrated. xii+592 pp. $5.00. 


A brief historical survey is followed by a dis 


if the 


cotton plant in its various relationships—b 


I 
cal species, physiology, etc Next there is a « 


ition of cotton production and marketing, conc! 


with an account of products and uses 


Road Traffic and Its Control. H. ALKER 7 
Illustrated. xv+414 pp. 26 shillings. B 
and Tanner. 

The science of traffic and roads presented by 
issistant commissioner of police of Scotland Yard, I 
don This study of traftic considers the imm< 
supervision of vehicles on the road, legislation, | 
opinion and psychology, road layout and 
and district planning and many other matters 


equipms 


wn 
World Natural History. E.G. BouLencer. I 
trated. xx + 268 pp. $3.00. Char] 
Sons. 


es Seribn 


author forth in a concise 


The 
ra résumé 


attempts to set 
I of the animal 
tive for detailed study He 


usual scheme by beginning with the monkey and end 


1e world as a possible 


more has reversed 


with protozoa 


and RIcwH 
L. SCHANCK. Illustrated. xiv +700 pp. $3 
John Wiley and Sons, Ine. 

The plan of this book is to introduce materials 
parti 


pants in the social scene—the man on the street 


problems from the point of view of different 


nician and the social engineer 


Sportsmanlike Driving. Illustrated. 


v 
pp. American Automobile Association. $1.0 


Designed to help those who wish to prepare or 
prove themselves for living in this motor age by pr 
learning the 


helpfu 


ing by the experience of others and 


rect ways first It is also intended to be 
those who desire to become leaders in improving tra 


conditions 
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THE GENESIS OF A CURRICULUM IN 
BIOLOGICAL ENGINEERING 


By President KARL T. COMPTON and Dr. JOHN W. M. BUNKER 


rHE MAS 


One hundred years ago there were but 


» types of engineers, ‘‘military’’ eng 


neers concerned with the operations of 


; 
, 


are and ‘‘eivil’’ engineers whose 
activities were directed toward problems 

vil life. Each utilized many iden 

techniques in mensuration over the 
surtace of the earth but with different 
bjectives; each was concerned with the 
building of roads and bridges for which 
the same scientific data and similar math 
ematical cor putations were emploved. 
Neither exercised a monopoly on any 


particular applications of science; their 


bjectives were different 


Kor a time, all engineering in civil life 
is civil engineering, but as some of 
ese engineers became engaged in dely 
ng into the earth to secure mineral re 
irces, adaptations of usual procedures 
the matter of structures, methods of 
inneling, bracing and the like led to 


| 


aesignation of these special stS aS 


mining’? engineers. On the other hand. 


se engineers who specialized in the 


+ 


essing of mechanisms to manutae 


employing the principles of mechan 
came to be known as ‘‘mechanical’’ 


rs. the first col 


lege curriculum in 


s field being established at Rensselaer 


| + 4 . , 4 
* \ echnie Institu Pom 1862 Sho! \ 
iter ! nereasing ipplica mS ¢ 
" ly] } t { 
\ ! S man (| DOSSITID eS 
i the mechan il engineer called Ton 


fir ld erec@irih \ is 
technical courses in elect) ne 
ing were developed at M.1 n TSS 

Meanwhil The see s I nem 
and physics and, to a less s 
gree, the science of biology | by 
celerated in their deve pment 1 
so-called boundaries expandes nt 
overlapped. The serv ( hemust) 
biology was obvious 1 biochen 
existed at the interphase b wee t! 
long before formal recom 
State came with its defi CS 
by hate 

Chemistry was Impressed 
service of industry, and the t it 
chemistry with a jud mployn 
0 phvsical and mecha , ree 
principles in chemical manut ! 
explored systematically and 
aging res S Alert | b 
with which this mere n \ 
engineering Va }) Iss8 I 
dent Francis J. Wall Mas 
setts Institute Teel 
ts rriculitum the fit pp! n 

ne em 
vi S P) SS \\ \\ 
ache! ‘ i! \I 
( \ I 1) 
© : nI 
nm . B. 1 

tha pt } 
SSeS 1) 
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BIOLOGICAL 


‘al engineers therefore emerged 


hem 
metamorphosis, as it were, after ai 
bation period of fifteen years and, 
ng spread its wings, took off in strong 

which is still successfully man 


applications of basie 


t} ese pr 1 
the engineering manner was the 
prel 
the 


to such minary 


al sequence 


training By applica- 


rorical 


this view-pomt of unit 


processes 
from chaos; 
be 


tec} 


itself. order arose 


ndustry 


problems of chemical industry 


me reduced to common terms; 


dustry 


In 


il advances in one branch of in 
transferable to other branches 


sho 


rt space of thirty years chemical 
gineering has become one of the most 
gorous and useful of all the applied 
ology is the name given to one sub 
sion of natural science and relates 


{ 


life and the 


evs. Originally a matter of ob 


‘ulariv to icts Oo 


, 
prod 


on, deseription and elassifieation, 


iral history’’ designated the 


scope 


biology Following the period of de 


ption and elassification of forms, 


re developed a period ot inquiry Into 


nature of these forms, the changes 


ergo and 


h they were observed to und 
accumulation of data coneerning the 
f life Thus 
as developed a body of facts within the 


to be 


iLiVSIS O processes t} ere 


d field of biology which came 


signated as physiology Great ad- 
es In physiology followed the demon 

n that the funetions of life are 
vely manifestations of chemical rea 


s Utilization by the physiologis 


expanding knowledge in the fteld 
ence designated as that of organie 
emistry brought about a corresponding 
: — ; 
nsion im our Knowledge of the phe 


! na of life. and the aceumulatio 
mical data related to physiol vica 
penmMegs nstitutes the basis The 
science physi rical chemistry or 
hemistry 
A notewortnyv adval n the stu \ I 


ENGINEERING 


‘ 
a Dranches OT chemistry has arisen | m 
he demonstration of tl . t\ 
s subj mat rs ‘ } 
VSICS ( hems ! 
Ves rete e stl re rn 5 
1) i\ ! i hem . { rigy 
resolve by experimme! i 
PHYSICS 
Living and non-liy n 
mn na ST! ‘ 1 Nl 
ms i @le rons. sub I Siitnie 
~ ? re ~ \ ry ! \ 
) , | ‘pl VS © ’ rived 
Irom ti same ! é ! ni na 
Tiny S ~ ne ~ | | 1) } i 
ment r om \ | \ 
adavs Ssclence here ~ 1) . 
Ti n betTweel nin mite 
phenome) Pioneers , ob 
serva } nee) | } ‘ , } 
m MHVSICS ane rn 
} 
Lik pendadulums Sw | np ( 
lirections, so the histor hows 
tte) i ten nev } XDANSIO? hy 
specialization followe b vel 
As knowledge « natu S rew 
Spe uization Was a } f pl Ol 
velopme) Nn its maj) f s. Medi 
he and engineering emerge is m 
bit TONS | in and ipp | ~ ree 
med i ) ne hase | por I i! ad 
engineering upon phys oth med 
! engineering hay { 
nems ~ ! wl *h ti 7 req re 
rom ! nness OT e! n ri 
ana ! ! s he rn ? hy 
~ | rl ’ 
| ar ! al ‘ 
ty T hhe ! 
( ~ OSes Ti } ey) 1) 
1? SSN by} 
w! n have deve ed 
rent , PSS ‘ il 
ent nrelate bases A 
t WaS easy tT STi ish t ! 
ot | pl © <1 +} t} 
mia n b 1! ( 
] + ; ry 
1 lial ‘ I x 
w\ ~ | j yy Thi at pe 
Dl sand } 
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ist hew erpretative | 
ria ( their operationa spect Tirie 

I ( CS al now complete meroeed ‘ 
fo then reat} Tita wmivantave 
Evel etent cher to some de- it 
ry 1 pl i| chemist Oo observe! t! 
of pl il interact in escape obser 
Vator ) nen al chat It was o1 ! 
to proceed alo different lines based on q 
imperfect conceptions of what appeared lo 
in oul norance to be different sets ot { 
hundamental law 1) 
truth, ana perceive that tl pt Cu uws tl 
which formulate the relat sof matter 1 
and ener n the titel world also 
app to these relations in the world of i 
the living Biological s ces one cat \\ 
roy) ol tact retatiol el iv COnCeTI \ 
ing matter and ene. just as chemistry I 
and physics are other categories of the — a 
same broad classification No boundaries 
exist to delimit sharply the fields of nat AY 
ural sclence; each merge nto the other uy 
as the era on the suburba awh merges rn 
with that of the neighbor’s vard Names | 
which are attached to centers of interest ' 
in each field are for convenrence mn ce bye 
scription and reference ai dlo not repre 

ent individual factual entities st 
ment. all through the a has depended t| 
to a large degree upon the tools at his dis- 
posa A lire lf thie Te Hl ies OF expel (| 
mental pl md chemistry have bee 
applied in the study of biology wit! 

et rie {| renrel rire S10} i. mea 
surement and of deseription of b t! 
phe mena bile a tle thereb hil 
chaneved tl haractel xlern biol 1\ 
from de tive tical. It is 
}) | | 1) 1é thie 
predictab nera nee sp | 
i tab ! | 1! ( | 1) 
effect rep pp 

ol r mea ! | riete r 

1} { { (‘hie ! il 
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rere 
1} ‘ re 
Tt} ’ 
i ec 
| ) ‘ 
rie of his by 
Ihe I a 
re ia ce 1) ! 
(‘ai } } T 
Tye’ } ‘ 
Tice ( Tie 
oOcedc ! ~ } Ti 
‘ niprere 
rT 1 \ ) i 
ta l 


\ 1) ‘ ‘ 
|] 

' ‘ 
mK 1 etl 

“bch Take 
(lo take | 

e and Ke 
il ! 

} ? Tperl i | 
> ,? 

; { 
ist be yh 
ela oO ‘ 

‘ \\ The 1 

} t} } 

} ‘ ‘ 
' , resell 

} | “I 
‘ } 

t | ? iT ] 
l 

1) ‘ 1 T¢ 

| 

' ") 

| i 
the) with exp 

| 
Whi 
’ ‘ | ] 
rin | 
iy te 


ef era 
st find 
rmed oO 
Thre) spre 
, t | 
hha 


ne has 
Tive ~/ i 
i ‘ 7. 
{ 
il l 
? } ' i? 
at ‘i al 
rey rs } 
| ‘ 
re it] 
Wwe? ti; 
mre 
( }? 
| rere ! 
i‘! 
} | il 
] enera 
Coopel 
— Wel ( 
pnmrel ses 
! 
“* ! ) 
aso 
Ihre ! l 
rian 1 
Tie j SW 
\ | hye 
( nila tf 
} 
thre } =f 
a] | mat 
1 Thiers 
} enti ~ 
s a ( 
nends sS 
) rit . 


\\ , 

Wie 
si 
} 

ih 


Mh ~ 
STS } 
ii 
- 
1} 
ALDel 
} 

( 
mel 

t} 
( 
} +} 
ij I 
} re 
ré 


s I ! tters ana 
rstanall sas We » Ine 
e b wIst. chemist and p 
ntioha trained ! ( 1 
) es and approach tl ! 
th somewhat different attit 
tion does not come about 
Wnatiol I mie! ry a 
It is something to be { 
urished ke a «le its 
tf acquires a stura habit 
1931 one o is set about t 
rhe rmead a aison With a 
ember of the research labora 
mie Chemistry and iter tl 
ied TO Ca ! nb a phys . 
is otnel experts Thre restil 
of these cooperative endeavol 
ted later in this chaptet I 
f the first five vears of this pk 
t times turbulent experie 
al interesting things. One wa 
I r cooperation cal by ear 
vw fostered \nother was the 
ii interest held amone scient 
rs Which taxonomica by 
eld of anothe perhaps 
‘ } 1? nl mrerest We ne 
ess of other persons A thi 
monstratior that po , 
techniques is. profitabl 
imwhile, numerous spora 
rol ST ier Ss ! ly ’ 
hemustryv mda te;] come re 
the question of prepara 
essional work hbiophvsies 
st} here a ¢ 
! 1) the tl hit 
t 2ele) | ] | ~ ? ~ 
i hy ~ ~ i 
4 ‘ { hy * . 
st See t 1 
l ; ' 
, ‘ 7 ts, phosp . 
yr’ 1) ciit ~ 
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10 


ultrasonics; heat; chemical energy ; mag 
hnetism 

Among the Ways In which these and 
other types of energy are likely to be in 
volved are the following: stimulation of 
protoplasms; chemical changes induced 
in organic materials onee living or the 
products of the onee living; effects on 


therapeut 
effects 
effects 


electrokineti 


enzyme action; 


disease abiotie 


Ol 


cells or parasites ; 


or vitamins; 


branes: 


membranes : 


elect rophoresis 


tations: photochemical 


Lroscopy of biolomie materi 


tions ot 


There may be required 


react 
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i¢ effects in 
l deleterious 
On hormones 


CS of 


mem 


permeability of surface films and 


? 


of cells; mu- 
OnS: spec 
als; explana 


metabolism in general 


the construe 


tion and operation of devices for securing 


} 


objective measurements 0 


duced as above. and also 
ment and recording of tl 
temperature, pressure, | 


motion, relations; 


vasSeous 


amplificat ion ot fee 


time: 


without distortion, by m 


photronic electrical device 


changes in 
the measure 
ie following: 
umidity, air 
motion and 


‘ble 


echanical 


energies 
or 


Ss: radiation 


measurements, x-ray dosages, other ra- 
diations, such as radioactivity, ecosmie 
ray eounting, mitovenetice radiation; 


hvdrogen ion concentration 


reduction potentials ; 


heat flow, insulation ther 


surface tension: conducta 


pedance nn protoplasms ; ( 


osmotie effects men 


across 


lecular weights and 


aggil 


eolloidal pl enomena: 


ant ihody reactions: eleetri 


Donnan 


laver phenomena ; 


equul bria: 


action currents: reflex tin 
Sms 

Amone the technieal sk 
be useful in constructing 
and recording apparatus f 
are suggested: design and 
of amplifier cireuits, trans 


ters: machine tool work, w 


and soft soldering; wood-w« 


vlass metal sea 


working, 


\ ipor 


the 


1: oxidation 
pressures ; 
modynamies ; 
we and im 
liffusion and 
ibranes: mo 
points ; 


tination and 


‘al potentials ; 
Helmholtz double 


axone po 


tentials and 
ie and trop 
S wl eh will 
experim ntal 


following 
eonstruection 
rormers, me 
elding, hard 
wlass 


»] ' 
rRKING, 


Is: vaeuum 


MONTHLY 


pumps, maintenance and measurement 
of high vacuums, manometry, use of Me 
Leod gauge and other devices for mea 
suring gas and, or vapor pressures; p! 
duction and maintenance of unifor 
or varying temperatures, including ery 


work: thermionic, vacuum tub 


SCODIE 


pl 


thyratron cireuits; scientific photog 


raphy and photometry optical m 


surements; radiation measurements: 
spectroscopy, absorpt on and PTHISSILO} 
spectra, extinction coefficients; spectro 


ScOple analysis ¢ biological materials; 


supersonic devices; radiation sources 


electromagnetic, monochromatic, ete 


optical filters: use of the areh micre 


rese 


transmitted and oblique illum 


scope, 


nation; the ultra microscope, dark field 
quartz lens microscope, lithium-fluorid 
microscope monochromators quartz 
lithium-fluoride; gaseous conditions for 
same; preparation and handling of pure 


CFAaSeCS, 


Among the fields of usefulness in whiel 
a biophysicist may find employment 
research in pure or applied biologv. as 


in: medical schools; hospitals; medieal 


and biolo@ieal institutes: universities: 


institutes of biopl VSICS ; food companies 


packers, canners, bakers, shippers, ete 


manufacturers of pharmaceuticals, chem 


industrial hygiene; gov 


icals or drugs; 
agriculture, food 


ernmental laboratories, 


‘ + 


health and standards: unforeseen 
unately for our 


ion of the 


elo] ee?) 


purpose, an ex 
various curricula in the 


eourses of study already avail 


able n our institution disclosed a we ilt} 
of material dealing with the basie se 
ences A mosale of selected ‘ourses of 


instruction in_ biologs 


ngineering, organ 


eolloidal mathematies, theo 


chemistry, 


retical and experimental physics was 
fitted together without serious conflicts 
of time schedules which gave a first ap 

lesired new cul 


It was Judged that ar pro 
rram 1! ur years ¢ ild not be suffi 


BIOLOGICAL 


ENGINE 


‘ 


4 


‘ . 
N Subjec l ‘a \ 
OT (Chemistry, Genera 1-4 : 
S01 Physics ‘ |’ 
[11 Engineering Drawing “0 ) 1) 
hl English Compos , , , 
Mil Calculus \l ‘ 
MS11 Military Science \Is Ml 
PTs Physical Trait £ I ] I 
se \ 
Qual. Analysis 7 0 ‘ 
Biology, Gen i } ( \ 
Sf Physics ) SO Phivsi 
21 Lit. & History I I & I 
Mel Caleulus 6 Ml Dit. I 
MS21 Mil. Science 0 \I~ \I . 
(sen, Study o—e 
11 (Ore cl I 
iS Org i") ] 
rl 1 
5.61 Phys. Chem, I #4 ( I*hiy ( 
oll Phys. Chem. Lab. I tO 1"! ( 
7.101 Invert. Zool x +4 I I I 
7.301 Bacteriology 4 Klee. 1 
Kell Political Leonor I) ' 
Language 1’ | 
| 
5920) 
ko h \ 
6.001 Klee. Eng. Prin 5-7 7.8 i 
6.761 Klee. Eng. Lab 4 ‘ \t > 
7.80 Biochemistry 2. - . \ e ' 
S.00 Physical Meas : (i “ 
S.161 Optics 6 Icke 
S162 Optical Meas ,.. 
24 ) 
\ 
7.521 Adv. Bact ' 7.5 Ad Ii 
7.81 Zymology 6 r Eng 
7.01 iol. Eng. I ‘ Th ce 1 4 
10.661 Int. Colloid Che ~—* | 
Klective or) | 
Thesis 0 
ently broad to give a fundamental ts satisfactory com] 
rasp ot the essential elements ol biol be recommended Tot 
vy, chemistry and physies here involved — of science in biolog 
nd at the same time go sufficiently into bachelor of science 
nese fields to vive power ort using the the preceding veal 
meepts and techniques listed above The curriculum 


lhe proposed educational program must Ss presented herew 

erefore be based upon a combination iss work or prep 

undergraduate and graduate work hour per week for f 

By extending the program through five stance e symbols 
vears, the necessary minimum of tral nours OT reelitatiol 

ng can be offered, including type app and the estimated pr 
‘ations of fundamentals to concrete bio four | Ss per weel 
ogical problems The choice « t] l) 

This five-year program of study went engineering’’ is 

to effect in September, 1936 Upor thought and consultat { hes 
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Te pil 0) TS { 1) il abat THIS che i ! ell had potentia a 
cl ent when we were first searching — « Ist pp ition im an untoreses 
lor tl Precise ippropriate title to airect \nother colleagu IM presse 
(le ribe our object | name bio with tl ivorable surface tension pro] 
phvs not sufficient efinitive. and erty ¢ t! Duta S ition and irritate 
bic Ihe s1 S suff en} be ISI VE by tI cLiscomrort Ol a Oot hnirecth 
SUC inte eTVinols a ombinations Wi hh ha remained with hin from | 
as Diu biod il s and biotechno davs tleve athletics, expressed 
0) ere eXamined and discarded Ihe OsItT as to Whether this reagent cou 
designation accepted was ure by Dr possibl he effective ! ombattine ep 
Vannevar Bush as ben ippropriate he gdermophyvtosis of the tvpe commol 
cause our objective so aptly conforms to called athlete's foo CautlousiV aj 
the we known definition of engineering piving tl butanol peroxide to one n 
as the art of organizing and directing fected foot, leavine the other untreates 
men and of controlling forces and mate as a control, no one Was more surprise 
rials of nature for the benefit of the than he at the speedy rellet from discon 
hua race Withi this conception fort wl } t owed and at thre defi ; 
les eLDELp ie SCOP ror ¢ el reTIVIT\ Prom hea ! Process wi I ensued I} Ss ol 
instrumentation to theo neludine bio servation natura ed to svstematic test 
pl and biochemist! vhich, in fact, ine of the fungicidal properties of tl 
contribute ereatl to the meaning ot new reagent by approved « ip plate test 
physiology SO) lone as the major objec With serum avar, and its Tuneicida Va 
tive is. the ey of all available as well as its penetrating properties w 
resources to for the benefit found to be superior to the usual medi 





of humanity With clear vision, Dr inal agents available for therapeutic use 


Bush stated, ‘*T know vou don’t like the in this ailment 


name now, but it will grow on vou as vou The stability of the peroxide solutio 
think it over.’” Tle was right under ordinary storage conditions ben 

\ few concrete illustrations of the re inadequate for practical medical use, ; 
sults whiel have beer derived): Tron the furthe r series” oO nvestigations by ey 
pooling ol sclentific resources to a com Milas resulted in a method of chemica 
mie?) obsective w | by cited sviuthesis Or al allied Dut different Con 
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iis be an unexpected ‘ 
| upon representations from I 
iboratories that in certa 
aen ell CS l The a bin ) if 1} 
se rate of the anima Sa usetul dia 
sympte -rofessor R. S. Harris 
et TO mVest ite the pulse rate 
his Ow White rats in the depart 
biolow There are at least two 
sons Why such a procedure ts difficult 
st, the albino rat, tame thoueg it be 
s not take Kkinclly to having tS Wrist 
second, 14 by palpitation one e 
vors to count the heart rate of the 
+45 14 


no rat he finds himself in difficulty 

ause that rate is norma \ between 

}and 500 beats per minute, which is 
ist to count 

The dilemma was laid before Pro 

W. Horton, at that time attached to 


; ‘ 


electrical engineering departmen 


; 


he called upon his recent experience 
itilizine vacuum tube ¢ircuits for tl 


pose of counting Cosmic ray lmipacts 


b> certain modifications, he devised 


pment for picking up the minute 


’ 
17S mnecient to eael heart-bea 


rh electrodes applied externally to 


ersome muscie voltawes, amp ! 
desired, and fitting the impulses 
appropriate meter which, whe) 
brated, records instantaneously the 
red rate of heart-beat By the tin 
it the kinks had been troned out 
S Instrument its pretiminarys Ise had 
Wh so great a variation in the puis 
of a single animal during its waku 
i sleeping periods that the s heanes 
the pulse rate as a clagnostic svimptor 
is shown to be without value for the 
rpose intended. However, the app 
tion of this identical electrocardio 


nometer to a patient under anesthesia 
‘ing a surgical operation in a_ local 
spital enabled the operating surgeon 
s well as the anesthetist to read the pulse 
ite of the patient at a glance and re 
ased one hand of the anesthetist pore 


isiv required Tor taking the pulse Ol 
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lan a tool for gauging the sue 
cess of his treatment When the patient 
has been depleted of calcium as far as 
treatment is then reversed 


seems safe, the 


‘t rich in ealeium is supplied and 


new calcium free from radium tends to 
reform a healthy bone structure. Dr 
Evans was given the Theobald Smith 
award in 1937 for his part in this very 
valuable work 

A fourth illustration of a useful result 


from collaboration between departments 
is the development of a new method for 
the production of vitamin D from ap 


propriate sterol] 
the 


excited in 


precursors by applica 


particles of high 


the 


tion of enere’s ol 


velocity electromagnetic 
field of a high frequeney radio oscillator 


This met! ( a Was conceived by a chemist 


lect rodeless 


who was acquainted with the e 
Drawn into the development 
the 
product, an 
the 
electrical equipment and several physi 
the 
electrically excited particles 


discharge 
interested in 
the 


were also a_ biologist 


Vitaminic potency ot 


electrical engmeer as designer ol 


cists acquainted with properties olf 
This proe 
ess IS being used in industrial production 
The the 


wellare ol 


problems of importance to 


mankind which should be sus 
ceptible ol solution by the biological 


engineer are numerous and of great eco 


nome significance Ile will be a pioneer 


on a new frontier with vast possibilities 


for usetul endeavor spread bye tore his ken 
An explorer in ill-mapped territory, he 
but 


may indeed lose his way at times, 


SO clic Christopher (C‘olumbus. who as 


pointed out by Clarence Francis m an 


address before the Industrial Researe] 


Conference at Ohio State University on 
November 4, 1938), through an error in 
Nat ition did not f India, whose 
Ss) X hie soueht “ot Was a voller 
er Kon vhat Columbus did was to 
come upon a new world hange the ex 
Sti Prac routes, awake! nankind’s 
cu sil spur explorations, stimulate 
scientific researe] prove the world’s 

R pp eS and pr 1 Tt} Wav To hie iit] 
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and lone lite by wav of the balance: 


diet.”” Columbus as a navigator ma 
have been no more adept than many of 
his peers, but he surpassed them all in 


confidence and perseverance, and he was 
alert to capitalize an unexpected obser 
the 


lentifi 


vation, qualities necessary for Sui 


cessful prosecution of useful i 


research 
The 


: ! 
rood 


yearly destruction of food and of 


crops by animal and plant parasites 


runs into millions of dollars. More effi 


cient fungicides and insecticides are re 
quired, and rational methods for their 
efficient use are needed. Campaigns for 
the eradication of such parasites as thos 
which cause the Dutch elm tree diseasi 


; 


and the chestnut blight must be organizes 


and carried through for public welfare 


with the methodical planning of the 


eneimeet 


ern il destruction oT wooden struc 
tures IS a menace against which more 
efficient methods of combat must be 


devised with due regard to the breedine 
habits of 
the 


biologie inf 


and nutritional the invade 


In our harbors damage by ship 


worms and other estations 1s 


of far greater magnitude than landsmet 
realize. Within the last two vears i 
Boston Harbor alone the cost of replace 
ing piling, wharves and bulkheads ruine 
by marine borers is of the order of five 


dollars. New York harbor wit! 


million 


its piers and docks has been free fron 
significant trouble of this” sort Test 
boards maintained in the North River 


and examined monthly by Wm. F. Clapp 
M.L.T 
$2 mall 


1938 


lecturer in marine lomics at 


CCO} 
wh the first shipworm, a 
November 29, 
the di 


“LO on 


Mmowed ] sub 


ePTrsion. ¢ 


stantia 20 per cent. o pollution 


Proms that bod oT water throuel the 


meritorious etforts of the Sanitary 


mission, Which proposes to divert an ad 


ditional 1 per cent. n 1O39 Shipworms 


ri 
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present one breeding season will ré 


in their entry into unprotected 
den structures below salt water level 
they have gained entry throug! 
holes which they bore, they tun 


as they grow until a porous shell o 


ifficient structural strength results 
the piling fails to maintain Its load 
ius) for combatting shipwornms are 


++ 


vn. but better. cheaper, more etl 


wient 


vls must be devised and applied on 
ree scare To prevent tremendo is eco 


loss from this menace 


Continued developments of physies 
chemistry in the service of public 
th and of therapeutie medicine are 

be expected, and these aspects of ap 

ed science must be not only developed 
made applicable Olli a large scale ror 


good of all 


wn the way with aid of chemistry to 


Biology has already 


bat malaria, diphtheria and many 

f the communicable diseases; no 
vet knows how to control infantile 
ilvsis or the common cold. Pandemic 
seases of the venereal group are still a 
We know relatively 


if the transmission of virus diseases 


irge to mankind 


not very much of the nature of 


Recent biological byproducts of the 
discoveries In atomie physics w 
btedly open up an enormous vista 
pportunities for investigating the 
re of biological processes in cond 


‘ 


ns of disease and health. <A majority 
the kinds of chemical atoms can now 
produced in the radioactive state and 


°¢ ; 


»f prodig OUS 


racer elements’’ 
sitivity in the study of physiological 
PSSES In some cases they can be 
| as therapeutic agents Isotopes 


‘an be used as biological 


or chemicea 
~ Here 2 naw ¢ ] le 

ere are new OOS, Thade ava 
t 


oO the biologist by his eolleagues mm 


ysics and chemistry, which may we 
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ALBERT ABRAHAM MICHELSON 


THE FIRST AMERICAN NOBEL LAUREATE 


By Dr. ROBERT A. MILLIKAN 


DIRECTOR OF THE NORMAN BRIDGE LABORATORY OF PHYSICS, CALIFORNIA 
INSTITUTE OF TECHNOLOGY 
Ir will probably be generally agreed I. MicHELSON, THE MAN 
a three American physi ists whose Of all those who take their place in the 
. mo ‘ vs) > +h). akinao ¢ ' 
work has been most epoch making and company ol the immortals the world is 
<e ‘ > are ert: » be A. , : ite : : 
names are most certain t¢ be tre intensely interested in knowing not 


quently heard wherever and whenever in 
iture years the story of physies is told 
are Benjamin Franklin, Josiah Willard 
ss and Albert A. Michelson. And yet 


hi no characteristies 


ile 


byt 
! rt 


ive almost 
Franklin lives as a physicist 


three 
in common. 
because, dilettante though he is some- 
times called, mere qualitative interpreter 
though he actually was, yet it was he who 
altogether amazing insight laid the 
real foundations on the whole 
superstructure of electrical theory and 

Gibbs 


lives because, profound scholar, matech- 


vith 


which 
nterpretation has been erected. 


less analyst that he was, he did for statis- 
tical mechanics and for thermodynamies 
what Laplace did for celestial mechanics 
and Maxwell did for electrodynamics, 
namely, made his field a well-nigh fin- 
ished theoretical structure. Michelson, 
pure experimentalist, designer of instru- 
ments, refiner of techniques, lives because 
he field of opties he drove the refine- 
ment of measurement to its limits and by 
loing showed a skeptical world what 
-reaching ean follow 
m that sort of a process and what new 
stas of knowledge can be opened up by 

t. It was a lesson the world had to learn. 
"he results of learning it are reflected 
day in the extraordinary recent dis- 
in the field of electronics, of 
idioactivity, of vitamins, of hormones, 
nuclear structure, ete. All these fields 
we a large debt to Michelson, the pioneer 


1 
TI 


he art of measurement of extraordi- 


» + 


consequences 


veries 


ily minute quantities and effects. 


nar 


merely their accomplishments, but how 
tl ey got started in the line tl ey followed 
and what manner of men they were. Not 
very much of this can be learned from 
Michelson’s writings, much less than 
from those of most equally famous men, 
and for that reason this memoir must 


take on, to an unusual degree, the char- 
acter of a personal narrative 


The total Michelson’s pub- 


lished work is very small active 


volume of 
In an 


ling from the age 


life as a physicist, exten 
of twenty-f 
wrote two small books that are found in 
all libraries. The first is entitled ‘‘ Light 
Waves and Their Uses’’ 
Chicago Press, 1903 


Lowell Lectures delivered i 


ive to that of seventy-nine, he 


University of 
It represents his 
1899. The 
Univer 


n 
second is ‘‘Studies in Opties’’ 
, and consists 
of 


contain 


sity of Chicago Press, 1927 
of 


researches. 


a condensed summary his major 
These 
revealing and quotable passages which 


by Hale’ 


informing 


books some 


are used and Lemon? in in- 


teresting and articles on 
Michelson. 

His bibliography of scientific papers 
contains but seventy-eight titles all told, 
of 


of them are quite short articles 


and these are abstracts and 


most 


many 


Not a few of them are reprintings of the 
different 
(ne 


same article in journals and 


different languages ’s knowledge of 


Michelson must be gained, then, more 
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from what he did than from what he said. [ am quite certain that the last tl 
Also, one must eall upon the testimony Professor Michelson would desire v 
of those who, like the present writer, be to have this memoir made mer 
lived and worked side by side with him eulogy. I am therefore endeavoring 
for a quarter century and more. That give first as correct a picture as | 
testimony will, I think, be unanimous in of the man as | knew him through m 
the judgment that his most outstanding than twenty-fiv \ rs ot ll mate as 
characteristic was his extra yrdinary hon elation 
es hhorrence alike of careless, in If his most outstanding character 
exact imbiguous statement, as well as of was his hone Sty, his second most notal 
all deception and misstatement. His was characteristic was the singleness, sim 
a remarkably clean-cut mind, which left plicity and clarity of his objective 
little room for adjustment and com objective from which he let not! 
prom divert him, | ever great the press 
Every one knows that he was aremark- He was an intense individualist, he k 
ably accurate and dependable scientific wl at he wanted to do, he had Cc ynfide 
observer, but not every one knows how | in his ability to do it, and he refused 
well he succeeded in doing what every let anything divert him from it, no m 


scientist should do but which many do ter what other interests had to be sact 
not sueceed in doing, namely, in carrying  ficed or who stood in the way. The res 
over that exceptional dependability into was that he made no pretense of keepi 
all his relations with his fellows. At one widely informed outside his own fi 
time, when he had become the subject of Indeed, he was always depreciating 


some criticism, one of the eritics came own knowledge even of the field 


to me and to another of Michelson’s asso- physics, despite the fact that he was q 
ciates, and asked whether these criticisms fond of telling the incident of how 


were well founded. Our joint reply was, once told G. Stanley Hall that if 


‘‘Don’t ask us; ask him. He’ll tell you.’? wanted to keep a first-rate physicist 
The critic took the advice and returned himself at Clark University he wou 
with the statement, ‘‘He certainly told have to treat him like a first-rate phys 


me!’’ His whole effort seemed to be to cist. 


see and to state things just as they were. There is no doubt, too, that in fiel 
The writer played tennis with him for other than physics his reactions we! 
twenty-five years, and watched him eall sometimes hasty and occasionally pur 
balls. In doing so he was always just emotional. This was well illustrated 


and correct. but never venerous either to the time of the blowing up of the Ma 
himself or to his opponent. He did not President Harper had asked the histor 


jo,in the Van Holst and the ex-navy man a 


analysis of his own motives. Even when scientist Michelson to address the assen 


even fool himself, as most of us « 


those motives were incorrect from the bly of the students at the University 
standpoint of his associates, he stated Chicago upon the situation that had be 
them frankly and with amazing honesty, created by that incident. Van H 
in one remarkable instance apologizing counselled eaution, delay and painst 
for his attitude and expressing regret ing investigation before any action 

that he was ‘‘built that way.’’ Almost taken or even thought of. Michelson wv 


’ 


any one else would have rationalized his for declaring war at once and imme 


conduct into a virtue, and lied both to ately taking drastic steps. 
himself and his erities, as we are now But the best illustration of his si 


ne so continuously and so de- ness of purpose is furnished by the ea! 


seeing d 


plorably in our political life. history of the Ryerson Laborator) 





ALBERT ABRAHAM 


| very largely of 


the 


individual 


son s 


S f the personal sides of that hn 


rth telling here for the lig! 


won Michelson, the 
t the 


ses connected 


exercl 


‘ation of the laboratory at the 


He had 


nvocation of the year 1894 


man. I fir 


with 


From a scientific point of view this con- 
history of 


contributions. 


the 


spring 


the commencement speaker, and in 


his address had emphasized the 


cionifi- 


xT piace of 


refinement of measurement for 


D oress Or science a signinecance 


subsequent years have shown to be 
than even he foresaw, in- 
though he Inei- 


address he an- 


tly greater 
prophet was 
y; used 
r’s words, I think Kelvin’s, as to the 
hood of future discoveries coming 
involving the 


m other work than that 


decimals. He afterwards 
iided himself unmercifully to me 
ever having done so. 

At the rave in the 


dinner which he 


r of that day to some fifty visiting 
vsicists he was rallied for introducing 
attribute of the 
six-decimal-place physicist, for 
black 


faultless 


sonal charm as an 


ry no 


s jet hair, his attractive 


| eyes, his attire and his 


rant and dignified bearing, he made 


striking figure, though his height was 


+ 


The 


lecture to 


or eight. 


feet 
attended 


ver five seven 


xt day I his first 


group of some six or seven graduate 


students, who were there for the work of 
summer quarter at the University of 
\ izo He was himself the eg 


irves which enabled 


re of spectral 


rraduate 
partment, giving the only graduate 
irse. The impression that was made 
that 


the 


nm me by eourse and by his 


sentation of ‘‘visibility curves’’ 


h had recently been obtained— 


one by the aid of 
ful observing and more skilful analy- 
to read for the first time the fine struc- 
lines far beyond the 
reveal it 


ver of 
etly to 


any instrument to 


the eye—was memorable. 
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(summer of 1894, only) and my long- 
continued relations with him as a subor- 
dinate member of his staff, that I had my 
own problems in which he only assisted 
me incidentally, and that I was never 
either his immediate assistant or his col- 
laborator; for at least in those earlier 
years Professor Michelson’s attempts in 
Chicago at collaborative work, either 
with staff members or with graduate 
students, did not in general turn out 
very well either from his own point of 
view or from that of the collaborator. In 
the case of both of the two staff members 
with whom in the nineties he tried to do 
some work in common, difficulties arose, 
and when one of them left about 1900 he 
assured me that my ‘“‘turn would come 
next.’’ And yet during the next twenty- 
one years during which I was with him 
I could not have asked for more consid- 
erate and courteous treatment than I 
uniformly received from Professor 
Michelson. It is true that on two ocea- 
sions I thought he was wrong and told 
him so, but his explanations were so com- 
pletely straightforward and disarming 
that I could only laugh and tell him that 
he was the most honest man I had ever 
met. 

His relations with graduate students 
during the ten years from 1894 to 1904 
tell much the same story. He assigned 
but few thesis subjects and no small pro- 
portion of these turned out none too hap- 
pily. I think it was in 1905 that he ealled 
me to his office and said, ‘‘If you ean find 
some other way to handle it I don’t want 
to bother any more with this thesis busi- 
ness. What these graduate students al- 
ways do with my problems, if I turn 
them over to them, is either to spoil the 
problem for me because they haven’t the 
capacity to handle it as I want it handled, 
and yet they make it impossible for me 
to discharge them and do the problem 
myself; or else, on the other hand, they 
get good results and at once begin to 
think the problem is theirs instead of 
mine, when in fact the knowing of what 


kind of a problem it is worth while to 
attack is in general more important than 
the mere carrying out of the necessary 
steps. So | prefer not to bother with 
graduate students’ theses any longer. | 
will hire my own assistant by the month, 
a man who will not think I owe him any- 
thing further than to see that he gets his 
monthly check. You take care of the 
graduate students in any way you see fit 
and I’ll be your debtor forever.’’ From 
that time on Professor Michelson as- 
signed very few, if any, thesis problems. 
And this decision was the correct one for 
him to make, for he gauged his own qualli- 
ties and capacities correctly. He knew 
what he was best fitted to do, and he did 
not let anything or anybody deter him 
from that course. He took no part in 
general university administrative or in- 
structional problems outside the depart- 
ment of physics. I never saw him in a 
faculty meeting despite the fact that, in 
the early days of the University of Chi- 
cago, faculty meetings were very impor- 
tant affairs where university policies 
were very thoroughly threshed out. 

His regular departmental routine was 
as follows: He met his class of graduate 
students regularly three times a week for 
two lectures and one quiz. All graduate 
students took his courses when they were 
ready for them. His lectures were eare- 
fully prepared. They were very con- 
densed, with most of the details left for 
the students to work out. They were con- 
sidered hard courses. He worked every 
day with his personal assistant, and often 
with the mechanician, in his research 
laboratory, and about four o’eclock he 
regularly went over to the Quadrangle 
Club to play tennis or billiards, at both 
of which he was quite proficient. His 
evenings he spent at home; for his life 
with his second wife, Edna Stanton 
(married in 1900), and their three 
daughters was an altogether happy one, 
although his earlier marriage had not in 
the end turned out successfully. 

The foregoing characteristics explain, 


he 
fit 
m 
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perhaps, the fact that during his earlier 
years Michelson acquired the reputation 
f being somewhat unapproachable, diffi- 
iit, dictatorial, even inconsiderate. If 

he possessed these qualities in the earlier 
part of his life he certainly lost them in 
later part, for the mellowing effect 

his later years was particularly note- 

It was commented upon by all 
his intimates, as well as by his students. 
It is shown, too, by the fact that his first 
wife, from whom he was divorced in 1897 
and who was later Mrs. Margaret Hem- 


*¢ 7 
worthy. 
; 


ingway Shepherd, and by whom he had 
three children, one daughter and two 
sons (one of whom is at present an eth- 
nologist in the Bureau of American 
Ethnology of the Smithsonian Institu- 
tion)* wrote me in 1932 that before his 
death he sent his lawyer to her to ask her 
forgiveness for any suffering he might 
have caused her. 


Il. MicHELSON’s PARENTAGE, CHILD- 
HOOD, AND YOUTH 


Albert Abraham Michelson was born 
at Strelno, then in Germany, a small 
town near the frontier of Poland, on 
December 19, 1852. His mother, Rosalie 
Przlubska, was the daughter of a well- 
known physician, and was left mother- 

ss in early youth. In her various duties 

r the household she met, fell in love 
with and married the proprietor of a dry 
goods shop, a man of forty years, Samuel 
Michelson. She was then but eighteen 

Before 1855 two children 
ad been born, a boy and a girl. Because 

the troublous times existing in that 
year in Poland, they decided to come to 
America, where Samuel Michelson had a 
sister living in California. They took 
passage via Panama to San Francisco, 
nd then moved on to the lovely little 


vears of age. 


} 


mountain town in Calaveras County 
called Murphy’s Camp, described by 
Bret Harte in one of his stories, where 
Albert’s early childhood was spent. 

As the young Michelson grew older he 


Very recently deceased. 


was sent to San Francisco to school, 
where ‘‘he developed few companion- 
ships,’’ but where he lived for several 
years with the family of the principal of 
the high school, who later paid him three 
dollars a month—his first earnings—to 
keep the physical instruments in order. 
When Albert was sixteen he went back 
to the home of his father, who by that 
time had moved his dry goods business 
to Virginia City, Nevada, famous because 
of the history of the Comstock lode and 
more famous because of the immortality 
which Mark Twain gave it. The elder 
Michelson wished his son Albert to enter 
the Navy, so when, the next year, there 
was a vacancy in Nevada’s quota, Albert 
took the examination for congressional 
He tied with 


another boy, who through influence got 


appointment to Annapolis 


the appointment while Michelson was 
made alternate, but also given, by the 
local Congressman, a personal letter to 
President Grant which it was hoped 
might enable him to get one of the ten 
Presidential 


large to the academy 


special appointments at 
He obtained his 
interview with the President, who, how 
ever, informed him that he had already 
exhausted his ten appointments at large 
Nevertheless, one of the President’s 
naval aids told young Michelson to go 
over to Annapolis, since there was stil 
a chance of a vacancy through the fail- 
ure of one of the new appointees who had 
not yet passed his examination. After 
three days of waiting at Annapol s this 
hope failed, and Michelson was just start- 
ing back for Washington to try again 
with the 
mandant sent a messenger after him and 
informed him that the President had 


‘9 


President when the Com- 


given him ‘‘an appointment at large 
Since this was the eleventh such appoint 
ment Michelson always maintained that 


his career was started by an illegal act 


III. MicHELSON AND THE VELOCITY 
or LIGHT 
In November of that same year 1877, 
while studying, for the purposes of a 
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lecture, the three purely terrestrial deter- 


minations of the velocity of light that 
had thus far been made—one by Fizeau 
in 1849, one by Cornu in 1872, both by 


Fizeau’s toot and one 
in 1862 by but, for 
accuracy, a very vital modification of the 
method itself to 
Michelson, which, to quote his own words, 


hed-wheel method, 
Foucault—a slight 
Foucault suggested 
**dispenses with Foucault’s concave mir- 
ror and permits the use of any distance.’’ 

Foucault, him, New- 
comb, who with the aid of a relatively 
had 


for some time prior to any work by 


and, following 


large congressional appropriation 
Michelson been working at a determina- 
tion of the velocity of light by a modifi- 
eation of Foucault’s method, had placed 
the rotating mirror between the lens and 
the mirror used to return the beam back 
In order to get 
enough light this required the use of a 


to the rotating mirror. 


relatively large rotating mirror, and in 
Foucault’s case the distance between the 
two mirrors was only twenty meters. It 
that 
designed to 


is to be remembered, however, 


Foucault’s apparatus was 
permit the insertion between the mirrors 
of a tube filled with water, for his pri- 
mary purpose was to determine whether 
the speed of light was greater in air or 
in water, for this was the crucial problem 
of his day, and this problem he success- 
fully solved. It is true, however, that 
with his arrangement it was impossible 
enough light to enable the use of 


to get 


a large distance between the two mirrors. 
Also, when in 1872 Cornu went at a pre- 
studied 


Foueault’s 


determination he 


cise, absolute 
earefully and_ elaborately 
rotating mirror method, and disearded it 
nd the inte 


an thirty meters. 


because he could not ext rmir- 
ror distance to more tl ) 
Michelson, though only an inexperienced 
that quick 


vital elements of an ex- 


youth of twenty-four, with 


insight into the 


] 


tal problem which was character- 


design work, saw what 


IStie OL all his 


other scientists of the hivhest repute who 


had studied the rotating mirror method 


that by simply 
‘e at the 


that the 


had failed to see, namely, 


+ 


placing the point (or line) sour« 


lens so 


principal focus of the 


beam went out from the lens as a parallel 


bundle of rays which could be returned 
on itself as a parallel beam by a plane 
mirror placed at any 


and then using a small, rotating mirror 


, 
desired distan 


placed just in front of the point soureé 
he could use any distance that he wishe 
light. This 
make Foucault’s rotating mirror metho 
Fizeau’s 
toothed-wheel method for an 
absolute measurement. Between Novem- 
ber, 1877, and March, 1878, he built at 


an expense of ten dollars a rotating mir 


] 
without any loss of would 


altogether comparable with 


rotating 


ror, and using with it a lens which he 
found in the physics lecture equipment 
at Annapolis he obtained a displacement 
of 5 millimeters, while Foucault had had 
Michel- 


son wrote these results to the editor of 


a displacement of .8 millimeters. 


the American Journal of Science. This 
letter takes up half a page of the May 
issue of 1878, and is Michelson’s first 
publication. At the 
wife, her father in July, 1878, gave him 


suggestion of his 
$2,000 for improving the precision of the 
method, and he was presently using a 
instead of 20, ar 


AS a 


determinations | y 


distance of 700 meters, 


vetting 133 millimeters deflection. 
result of all his early 
? 


this technique he obtained the va 


kilometers per 
which he regarded as correct to one pal 


in 10,000 


299,895 a vali 


second. 


This problem, with which his career 


began, was also the one with whicl 
closed. Four years before his death, t 
the age of seventy-fiy 


re. he published 
urn ul, 65: 1 ] t 


the results of | S 


the Astrop 
1927, the 
measurement made by sending a beam 
from Mt. Wilson to Mt Antot 


California, and back, 35 kilometers dis 


, 
rysical Je 
c 


final mean of 


+ 


San 


The ethod now used } wever, IS 
lr} m i l l, 


Fizeau ’s 


tant. 
1] 


essentially a combination of 


method and of Foucault’s, since now 


toothed-wheel 


re 


Fizeau’s rotating S 





ALBERT ABRAHAM MICHELSON 23 


a rotating octagonal mirror, Ensign A. A. Micl . SO! fs. M 
me or adi ible transit of t} e : " 
s the time it takes one face of the 
to rotate into the position of the y 
face. The advantage of this 1 says 


¢ mirror arrangement is that the 
of the octagon can be measured 
more accurately than the mean Sign rp 
nee between the teeth of the rotating ’ ot ' 
He got from these measurements 


ie 299,796 kilometers per second, 
ortanece of Michelson’s 


work on the velocity of light is not to be 


. ; Pay thea y) 
t content with this experiment be- But 1m 


or the possible disturbance of the 
path between the two mountains, he Measured al 
nt the last four years of his life pre- 2aulo 
¢ for and redetermining near Santa is work in the period in which physi- 


Calitornia, this velocity by means CiStS were trying to obtall il tests 


ultiple reflections between the ends to distinguish definite \ I poss b e, be 
an underground pipe 1,600 meters tween a wave theory and a pus : 


30 centimeters in diameter, from theory of light. Indeed, Foucault’s 
‘+h the air had been pumped out to method had been designed and used by 
an extent as to make it possible to him in 1862 primarily for tl sake Ol 
re directly for the first time the finding by direct measuremet 
ty essentially in vacuo. The final the velocity in air was greater or less 
result, published after his death, | 
be taken as 299.774, which is one ally interposed a tube of water, « 


n 2.500 less than the best mean of the ends by plan parallel glass plates, 


er measurements. another illus- between his lens and his concave reflector 
1 of the fact that even the best of and showed that \ ! 

to overestimate the precision of Water than In air, as thi ve 1 ry 
k. The introduction to this last demanded. In 1884 rM 

s written by Michelson but ten become 1883) prof 

re he lost consciousness. As he Case School 

had the same title as the paper land ne re] 
ch he began his career, ‘Ona F ault’ 
Measuring tl Velocity of rsq t 
( J H 

¢ back, now, to the beginning of ls the 

f By the measurement m S ¢ 

Annapolis, Michel had sprung ! s 


twentv-six. and while } vas He n p 
Ensign Michelson of the U. S. 1 rbor 
» Intern; nal repute as a ! 


st. That he received immediate as ex] 
iknowledgement is shown by the Confident 
yr interesting quotation from a his me ren 
Virginia City paper published on in spite of tl 
15, 1879, less than a year after his Lord Ray! 


published determination of the diction by sh 
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group velocity is less than that computed 
from the mean index of refraction, and 
that the theory was quantitatively in 
accord Michelson’s 
Michelson also tested directly the veloci- 
ties of red and blue light and found the 
former 2 per cent. greater than the latter 


with measurements. 


a result of much importance at that 
time for the theory of dispersion. 


IV. MIcHELSON 
INTERFEROMETER 


AND THE 
However important his work on the 
velocity of light may have been, the per- 
manence of Michelson’s place in physics 
largest measure 
the Michelson 
interferometer and what he 
with it. Claude 
that ‘‘a good technique sometimes ren- 
than the 
elaboration of highly theoretical specula- 
Hale 


marked to me that ‘‘after all the progress 


undoubtedly rests in 


upon his invention of 
accom- 
plished Bernard 


Says 


ders more service to science 


tions,’’ and George has often re 
of physics is written in the history of the 
development of new instrumental tech- 
niques.’’ Be this as it may, the history 
of the interferometer shows how vitally 
theory and experiment cooperate in the 
progress of science. 
1879 


Michelson left the 
Naval Academy, where he had been in- 


Karly in 


structor in physies and chemistry since 
December 15, 1875, was then em- 
ployed for a office of the 
Nautical Washington. He 


and his wife and their two young echil- 


and 
year at the 
Almanae in 


dren then started for Europe, and he 
Berlin, at 
Heidelberg and at the Collége de France. 
At Paris he acquired a good command of 


spent two years studying at 


Krench and became well acquainted with 
the 
particularly Maseart and Cornu, the lat- 
ter of had Fizeau’s 
toothed-wheel method a excellent 
determination of the velocity of light, the 
then stood at 299,990, 
while Michelson’s value was at that time 
299 940 


French physicists of that period, 


whom made by 


very 
which 


value of 


It is probable that it was his 


eareful study here in Paris of Fizeau’s 
that got 
lifework in interferometry. 
as early as 1851 that Fizeau had made |} 

remarkable experiment on the effect of 


him started on his mai 
For it was 


work 


moving water on the speed of light pass 
ing through it. The method consisted in 


bringing into interference two rays of 
light after their passage through parall 
tubes in which water was driven with a 
high speed, in one tube in the directio 
of travel of the light and in the other 
tube against that direction. It was but 
a step from this Fizeau form of inter 
ferometer to the one used by Michelsor 
in which the two components of the sp 

beam of light are sent off in directions 
at right angles to each other and brought 
back by mirrors placed at right angles t 
the 
surface for the observation of the fringes 


each beam, to original separating 
The complete control of the path of ea 
beam, however, and the possibility 
varying each path at will, or of introdue 
ing in either path materials of any s 
whose optical properties it might be d 
sired to study, gave it an extraordinary 
flexibility as a tool for making exce 
It is not 1 
much to say that Michelson spent a larg 


ingly refined measurements. 


part of his active life and did his most 
important work in devising new uses f 
this tool and carrying out researches of 
all sorts with its aid. In a sense, the to 
had been here for decades before him, but 
why had not its possibilities been se 


Michelson told n 


first set up such a devi 


and utilized? onee 
that 


in Paris and told Cornu how he got tl 


when he 


fringes, Cornu was skeptical until he put 
a piece of cardboard in one of the right 
angular paths and saw the fringes in 
stantly disappear 

Michelson’s 
ferometer 
velocity of the earth and the ether It 


was while he will still in Europe, at th 


first use of his inter 


was for testing the relative 


age of twenty-eight, that he made his first 
try at this epoch-making experiment 
He reports it in the American Journal of 
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Science, 22: 120 to 129, 1881. He had 
tried it first in Berlin, then moved to the 
Astrophysikalisches Observatorium at 
Potsdam. In his brief report he thanks 
Alexander Graham Bell for supplying 
funds for the investigation, and is so 
ifident of the correctness of the nega- 
tive result obtained that he asserts that 
‘The hypothesis of a stationary ether is 
is shown to be incorrect.’’ 

It is not until 1886 and 1887 that this 
xperiment, repeated at Case School of 
Applied Science with great care and 
‘efinement by Michelson and Morley, 

gins to take its place as the most 
famous and in many ways the most 
experiment 
since the discovery of electromagnetic 
duction by Faraday in 1831. The 
special theory of relativity may be looked 


indamentally — significant 


pon as essentially a generalization from 


Only second to it in importance is the 
use which Michelson made of his inter- 
‘ometer, especially in the years 1887 to 
1897, in proving, through his penetrating 
nd very skilful study of the so-ealled 
VIS bility curves characteristie of differ- 
ent spectral lines, the great complexity 
of all save a very few of such lines. It 
s the analysis of these visibility curves 
ch brought the discovery that the so- 
alled red cadmium line of wave-length 
6.438.472 angstréms (an angstrém is a 
n-millionth of a millimeter) is so extra- 
linarily monochromatic that it is desir- 
to express the length of the inter- 
ional standard meter in terms of it. 
\t the invitation of the International 
Bureau of Weights and Measures, Pro 
ssor Michelson, with his collaborator, 
Professor Morley, spent the year 1892 
irrying through this very exacting 
indertaking, with the resule that the 
imber of the foregoing wave-lengths 
in this standard was determined as 
1.555.165.5 
Under this head should also come the 
extraordinarily fine work on the applica- 
tion of interferometry to the measure- 


ment of the diameters of stars done at the 
request of Dr. George E. Hale and in 
collaboration with F. G Pease at the 
Mount Wilson Observatory between 1920 
and 1925, a measurement which, for th 
first time, made possible the direct deter 


; 


mination of a stellar diameter, and 


take but one example, fixed the diameter 
of Betelgeuse at 240,000,000 miles 
about a hundred times that of the 

The essentials of the method had bee 


published by Michelson as early as 1890 


V. MICHELSON, SPECTROSCOPY AN 
GEOPHYSI 
No event in Miel PLS n’s career hy wed 


the originality of his mind better than 


the echelon spectroscope, which appeared 
in 1898. Unlike the interferometer, th: 
accomplishment of this instrument : 
not been large because of its very narrow 
spectroscopic range; but the idea b 


taining high resolution by using this 
particular means of getting into a sp 

trum of very high order was at the tim 
so novel that spectroscopists the world 


over were surprised and delighted wit! 


it. It showed, too, how fundamental an 
understanding its author had of all th 
elements of correct spectroscopic desig 
Its appearance pr bably 1d mu t 
with stimulating the minds of Fabry and 
Perrot to attain high spectroscopic r 


lution by their modification of this rout: 
This has found appli ition to a ! vi 


larger number of problems 


The attainment of high spect 
resolution had by this time (1900 
come a major objective with Mic! 
and it was perhaps because he thought he 
had about exhausted the poss hilities of 
the interferometer and the echelon for 


this purpose that he turned his attention 


to the problem that gave him 1 


trouble and at the same time filled his 
associates with more admiration for him 
than any of its predecessors had 
namely, the problem of ruling very hig! 
resolution gratings. He 1 thou 


could build a machine in a few mont 








or at most a few years, which would give 


resolution, but he spent 


his life without reaching the 


the rest ol 
point at which he was willing to drop the 
regretted that 
tail,’’ but 


let go, and, in spite of end- 


Tten said he 


problem. He 
he ever got ‘‘this bear by the 
he would not 
less discouragements, at the end of about 
struggle he had produced 


eight vears oj 


a good six-inch grating containing 


110,000 lines (resolving power is mea- 


sured by the number of lines times the 


order of the spectrum), which was 50 per 


cent. better than the best otherwise pro- 
duced at that time, and in 1915 he pro- 
duced 8-inch 10-inch, 
which are still ‘‘among power- 
ful diffraction the 
world although the 
extraordinary developments of quantum 
the 


become so important for physies, astron- 


and a 

the most 
that 
with 


both an 


instruments of 
possesses, ’ 
physies problem has 


and nuclear 


omy, chemistry and even biology that a 
considerable number of institutions are 
now hard at the grating problem. 

One of the finest things that Michelson 
baffling 


experiences with his grating machines. 


ever said was inspired by his 


It reads: 


One « s to regard the machine as having 
a personality—I had almost said a feminine 
perso! t requiring humoring, coaxing, ¢ajol 
ing threatenin I lly one realizes 
{ he personality is that n alert and sk 
f I ver in an intricate b f I ng gam 

) t mmediat ge of the mis 
t 3 f his nent ! rings the most 
d neerting rises ! neve leaves any 
res + ( n } t ! i ss pl sft r,. 
in Y t I r h tl ( he knows ind 
n s no nee i t. When 
l n tl 1 play igly, tl game 
| it should 


the 
Michelson, in collaboration 


rigidity of 


with Gale, solved so magnificently in 
1919 is unlike most of Michelson’s work 
in that it was 


undertaken at the request 


icularly the geologist, T. C. 


or otners, part 
, . 


Chamberlin, who was intensely interested 


ia how rigid the earth as a whole 


is. If it acted throug! like a fluid, 


out 
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then the land would move just as d 
water under ft] nfluet of the m 
and the sun, and there would be no wa 
tides at a relative to the surface t 
earth. ( ld 1 Michelson sugges 
carry out a m thod of making an exa 


? Michelson at once de 
wing exceedingly simp 
thod which, 
for the ‘‘ fringe system’’ of measurement 
had 


Airy, though never actually 


measurement 
vised the foll ' 
and direct m however, save 
I think by 

tried. It 


consisted in burying about ten feet under 


been suggested earlier, 


ground two 6-inch iron pipes about 500 


feet long, one running east and west, the 
other north and south, with an observa- 
tion chamber at the junction point. The 
Th 


variation in the levels of the water at the 


pipes were filled half full of water. 


ends of the pipes, as the moon and sw 


yeriodically produced their miniatur 
I y | 

tides in the water in these two pipes, were 
the 


they produced in a simple optical fring 
y 2 I I 


accurately measured by movement 


system formed between the top of the 
ly attached t 


and a surface rigid 
the earth. The 
ment 


water 


litude of the mov 


If t 


amp 


microns. 


was from 6 to 1] 


earth were not at all rigid, as a 


stated, there would be no rel 


ment of the earth and water in the pipes 
t 


at all, and hence no movement of tl 
fringes. If the earth were completely 
rigid the movement could be exactly eon 
puted from the pull of the moon and t 
sun. The movement was actually about 
half of tl mp | for an immob 
eart} 

[hese results, published in the Ast? 


phy eal Journ r] by Miel Ison and Gale 


for 1919, undoubtedly give 


values obtained of the earth’s rigid 
itv. as well as « ts vVIsecosIty The « 
eult tidal computations were carried 


ARTIST 
not be 


VI. MicHELSON, 


would complete 


rm oe 
This sketel 


without an endeavor to appraise some 
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his artistry in descr 


and ment and exactness of his measure- 
rac ments and the perfection of the design 
lo 1 . 
a s instruments, for are not discriml- 


n in the choice of tools and methods 
exact adaptation of means to end of 
very essence of real art? Michelson 
by : y ; 


nceessan 


ly trying to perfect his 


rtistie techniques, practicing his tennis 
der strokes, taking lessons to improve his 
500 . 
OV ird shots. His students were con- 


y commenting upon the perfection 
~_— the cireles which in his lectures he 
rhe lrew with such ease on the blackboard. 
Phe Is it at all strange, then, that he was 
sted in music and a good performer 
sun n the violin? The connection between 
‘urate analysis of spectral colors 
cre ind his love of painting landscapes and 
seascapes is a little less obvious, but be 

it as it may, in Southern California, 
the he spent a considerable fraction of 
last ten years of his life, he divided 
me between scientific pursuits and 
the painting expeditions to the beaches, ar- 


udy royos and the High Sierras. In the 


ve- summer of 1925, when I came down from 


pes ¢ spent studying cosmic rays in 
the Muir Lake under the brow of Mt. Whit- 
ely ney, I found Michelson all alone seated 
m l his easel in a favorable spot on the 


the the little Lone Pine Inn, paint 


rlorious view he had found there 


} “ antes 
Lie snow-capped Whitney. In other 
he not only had the skill of the 
oe st but also the feelings of the artist 
] Y . " " 
ule H te two papers in which he gave 
eS 


on to these feelings; one written 
orm Analysis.’’ In 


assification of sym 


’ 
» 1S entitle 


fi 
= ' 6“ 
tled ‘* 
Lil- ' ittempts a »] 
forms as they are found in 
and expresses the delig! T he 


n these discoveries. He made this 
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more fully the artistic side of 
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analysis, howeve1 S 
t iS a Sé Iss \ l’ 
7 \7 

written in 1911, is 

ring Birds and | : 
WW rie } iS set I . 
objective finding 
Ce} rs ’ n b S 
] ; 
aque I pigmen l n I 

; 
n i re ct | vives xp 
the feelings aroused 1 m | 
] 

beautiful color eff ts i i 
Also in a paragraph from tl 
Lectures he uses the { wing ¥W 

r} aesthe f 2 
ry es ti eas r 
d s near wher R 
te he ser n } “ 
The eye ora e 
the ew s 
combi ns which 

In 1928, a few years | re P) 


Michelson’s death, a conference 
Michelson Morley experiment was 


I 


Pasadena It was a distinguisl 
ering, with both Lorentz and M 
having a part in the p im. ‘J 
was s luled to make a il 3 
the repetition he had just n 


Kennedy, a young phy E 4 
repeated this experime! he A 
Bridge Laboratory i: 
with much precision, | 
son Wit! i generosity 
t r nar S ’ 
sol nd mplime) r | 
nuslas TER Ip I 
precis f his ex I 
Ww ‘ Dy Kent \ ? ? ry 
( 
ken | 








WHICH WAY SCIENCE? 


By Dr. HARLAN TRUE STETSON 


MASSACHUSETTS 


ScrEeNcE finds itself in a strange di- 
It made life and 
added to man’s happiness and at the 


lemma. has easier 
same time, in the event of war, it clouds 
the future with 
Science is so intricately woven into our 


unspeakable horrors. 
social and economic existence that she is 
a goddess both worshipped and feared. 
Seience has cut the cost of production 
until even hitherto luxuries have fallen 
into the ‘‘must’’ class of commodities for 
nearly all standards of living. The ma- 
chine age which has followed in the wake 
of scientific discovery has created new 
industries and disrupted old ones, caus- 
ing many social and industrial malad- 
justments. 

There is no question that the world 
to-day is in the midst of a social, indus- 
trial of far- 
reaching one ean 


evolution 
No 
deny that science has had its part in 


and economie 


consequences. 


creating and complicating the present 
world The which 
science holds in the minds of multitudes 
ean not but impress those who labor in 


picture. prestige 


her laboratories with the power and the 
responsibility that is theirs in fostering 
the aims and methods of science for the 
mankind. What science 
the control and its 
products for the good and not the de- 
struction of society ? 

While 
tion, there is perhaps a note of encour- 
agement in that recent events make clear 
that both the negative and the positive 


welfare of ean 


do towards use of 


confronted with such a ques- 


assets of science may work side by side 
to On the negative 
side, the very thought of the horrors of 
the wholesale destruction that science can 


constructive ends. 


connive in the event of war has undoubt- 
edly been a strong deterrent from engag- 
ing in a conflict that might well bring 
about the very ruin of civilization itself. 


INSTITUTE 


OF TECHNOLOGY 


On the positive side, we have had an 
exhibition in international affairs of t 
application of the spirit of science that 


rational rather than an em 
tional approach to any problem, substi- 


1 


teaches a 


tuting methods of trial and error for 


assault and battery. Furthermore, sc 
entific inventions themselves played their 
part in bringing about a four-power pact 
that for the moment seems to have stayed 
a European conflict. In 1938 
tions could be accomplished in an hour 
which two decades ago would have r 
quired delay that might have been disas- 
While the world waited breat! 

less for the fate of Europe, transocean 

and international telephone lines brought 
diplomats into instant communication 
Airplanes conveyed plenipotentiaries 
from nation to 
opinion was being moulded by world 


negotia 


trous. 


nation, while public 
wide radio broadcasting that constantly 
informed the world of every development 
in the European crisis. 

It is significant that with war clouds 
hanging over Europe representatives of 
the American for the Ad- 
vancement of Science met with members 
of the British for the Ad 
vancement of Science last July to con- 


Association 
Association 


sider ways and means by which a closer 
affiliation between these large scientific 
bodies might be accomplished with the 
ultimate joint purpose of making science 
a more dominant factor in guiding the 
destiny of world affairs. 

These 


other organization the united front of 


associations represent as no 
science in the United States and in the 
United Kingdom. It is perhaps a bit 
unfortunate that American 


Association has too long been considered 


our own 
by many scientists as an aggregation of 
technical associations, each quite suffi- 


cient unto itself. But the hope is stirring 


J 


yuds 
s of 
Ad- 
bers 
Ad- 
con- 
oser 
tific 
the 
ence 
the 


no 
t of 
the 
bit 
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n of 
uffi- 


ring 


nee 


WHICH 


in its various attempts to arrange 
ences on science and society the 
sts who compose our association 

become aware of their civic respon- 
sibilities, which are fast becoming appar- 

whether we wish or do not wish to 
our researches interrupted by such 
Most creative 


nature 


minds are 


tions. 
bably by largely introvert. 
This may account for the painful lack of 

y unified action on the part of scien- 
tific men to leave their eubicles for the 
The trend of 
events suddenly awakens us, however, to 
that 
ereated the offspring of science unite to 


world 


arenld 


present 


the fact unless those who have 
guide and educate the masses in the spirit 
of science to a larger degree than has at 
present been done, research men may be 
suddenly awakened to find their labora- 
tories in ruins and the dreams to which 
y had devoted their lives lost in the 
smoke of the impending chaos of a world 
struggle. 

Five years ago at its meeting in 1933, 
the American Association passed a reso- 
lution framed by Drs. Robert A. Millikan 
and Henry Norris Russell which read as 


Ws: 


Our existing 


liberties have been won through 
If these 
st or seriously impaired there can be no 


f struggle and at enormous cost. 


continued progress in science, or justice 


government, or international or domestic 


| or even of lasting material well-being. 
We regard the suppression of independent 
thought and of its free expression as a major 


itself. Yet 
f this sort has been inflicted upon inves 


against civilization oppres 
irs, scholars, teachers and professional men 
many ways, whether by government action, 
administrative coercion or extra-legal violence. 
We feel it our duty to 
ns as intolerable forms of tyrrany. 


denounce all such 
ere can be 
en the commonwealth of learning can not 
lure ‘‘half half free.’’ By our 
and training as scientists and by our heri 


no compromise on this issue, 


slave and 


ige as Americans we must stand for freedom. 


notable declaration of 
freedom is seconded by every 


worker throughout the 


such a 


le sclentifie 
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and 


denunciation of infringements of liberty, 


world, it is primarily a_ protest 


leaving a constructive program for rem¢ 


dial action still to come. In urging some 


action, Watson Davis in writing 


concrete 2 
News Letter for October 2. 


in Ne lence 


1938, Says: 

created, and if the world at large is to preserve 
in freedom and tolerar int rge 
that gives ( st be 
some mechanisn \ ‘ ga d ri ; ’ 
makes this possible. 

Whether the new science 1 t tal the 
form of a new intellectual brotherhood, a new 
po pal or an u i I xisting 
progressive movements be ar ste. 
S Asser 1 con e within the nits 
of re el m ] It must tf 1 
crus witl ruth as s only dog 


brotherhood’’ 
/ 


rerers gadoes 


The great ‘‘intellectual 
to which Mr 
among scientific workers not only in this 
but 


Nothing is more apparent when scientists 


Davis exist 


country throughout the world 
meet in international congresses than the 
fact that political, racial and social dif- 
ferences are forgotten in the eagerness to 
discuss the aspects of a common scientific 
problem in which workers throughout the 
world may be engaged. Much undoubt 
edly can be done to further filial relation- 
on the other 


the 


ships among scientists. If, 


hand, a world conflict starts up on 
aggressive move of any totalitarian state, 
have 

the 


But some factor 


we can rest assured that it will not 
been brought about by members of 
brotherhood of science. 
more effective than that of filial interests 
alone must become 
Mr Davis’s 
political party with which scientists as a 
might affiliated 
believe, be unworkable. 
Science 


apparent 


suggestion that a 


new 


body become would | 
unfortunate and 
which political 


it afford 


any political 


recognizes no 
barriers, races nor creeds can né 
to ally itself directly wit! 
party as now exists or that appears likely 
tO eXIst 

Mr. Davis’s suggestion of ‘‘an infiltra 
tion into 


existing progressive move- 
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ments’’ appears to be a _ particularly 


happy phrase. No political party gains 
control or stays in power, and no dictator 
rules except ultimately in accordance 
with the will of the people. It must 


never be forgotten that publie opinion is 
the last court of appeal. The unfortu- 
nate fact is perhaps that publie opinion 
moulded by political 
than by the colder ra- 
application of the 


od of This is 


partly our « 


is more easily 
speech-making 

scientific 
met! thinking. perhaps 
Too long have too 


held aloof from the 


wn fault. 


many scientific men 


world of affairs. Too long, perhaps, have 


we been concerned with guarding our 


standing 


academic intellectuals 


among 


while ignoring the people whose majority 
vote rules in a democracy and whose sub- 
servience is necessary to any dictator- 
ship 

Fortunately, much has been done in 
recent years to ‘‘infiltrate’’ the doings 
of science into the reading of the general 
public. An inereasing number of scien- 
tists are sharing with the rank and file 
at the 


risk that inadequate statements may be 


the results of their labors, even 


circulated by the press at the expense of 
a certain prestige among colleagues who 
fail to the for 
larization of science. There is indeed a 
need for far more 

science in still plainer language—not for 
the unintelligent but for the vast major- 
ity of intelligent people who make up the 


understand need popu- 


popularization of 


nation but to whom scientific terminology 
is as non-understandable as is the voeabu- 
lary of the medical profession to the 
architect or the engineer. 
existence upon public 


public finan- 


Science, which 
depends for its 
good will and, in the end, 
cial support, can well afford to keep the 
world constantly informed of its achieve- 
ments other than in technical language. 
Perhaps the day will come when every 
f a scientific journal shall request 


editor ( 


in addition to the technical manuscript 
in ordinary 


a paraphrased 


summary 


English recounting the significant result 


of each piece of research. This m g 
incidentally help a scientific worker 
evaluate the significance of his own e 
tribution to the society in which | 
dwells. 

The chief 


the one 
requirements 


of each bureau is probal 
best the 
ror 


knows needs al 
the 
scientifie 
Each 
must present his requirements yearly 
the dir 
appointment ofte1 ) 


who 
maintenance and 
investig 


progress of 


normal 
tions in his field. bureau ¢l 


through etor of ft 


Congress 
budget, a political 


i 
excellently made, but without reference R 


to scientific training or experience. T 
incumbent of this office must pass on t 
relative merits of the appropriation p1 
that all too oft ( 


may be 


posed with the result 


appropriations unnecessar 


augmented or painfully curtailed, 

pending upon the ability or lack of al 

ity of salesmanship on the part of t 

While certain of the ! 


advisor} 


chiefs of bureaus. 
bureaus have the advantage of 
bodies comprised of highly trained scie1 


tists and engineers, why is there not 
responsible officer of the government 0 H 
a board selected from among scient 
men whose training and _ experier 


a satisfactory evaluation 


the 


would allow 
the 
projects that the government controls 
To such an board, 
bureaus might appeal with the assuran 


relative merits of all scientific 


‘ 
officer or chiefs of 
of an adequate hearing of their needs 
and proposals. 
To be sure, in the history of the coun- 
try three 
created that presumably should act ir 
an advisory capacity to the government 
in scientific matters—tne National Acad 
emy of Sciences, the National 
Council and the Science Advisory Board 
The National Acad my of Sciences was 
ealled into being by President Lincoln 
1863 at the time of national emergency 
It was incorporated by Congress to r 
and art 


boards have already beet 


Resear 


port upon matters in science 
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er called upon. The academy has 


vy been of service to the govern- 


116. under the administration of 


Wilson, the National Research 


was organized, largely through 
Ss or tl al Dr. George Ell ry 


to act as an advisory body in scien- 
ers, again in a time of national 
*y ()stens bly its function still 
ts, though it is seldom ealled upon 
lvice by the government. 
With the 


Deal Administration under President 


inauguration of the New 


Roosevelt, a new kind of national emer- 
existed, and a Science Advisory 
is called into being to implement 


ons of the National Research 

( n and to advise the government 
ve to the administration of its scien- 
man, Dr. Karl T. Compton, was 

ed in December, 1934. It was 
noteworthy that most of the recom- 


reaus. The excellent report by its 


ns made by this advisory board 


as to specifie questions raised by the 


i 


government were acted upon favorably. 


However, additional recommendations, 
ed by this Science Advisory Board, 
eh of far-reaching significance, were 


4 


Is advice on scientif 


ted upon. ic 
matters by the national administration 
1 only in times of emergency? 
When a body of scientific men has been 
y the government for scientific 
e, is it inappropriate that they prof- 
lvice except on questions specifically 
dl by the administrators them- 
selves? When a new administration 
‘s into being in Washington, or a 
w emergency arises, will it again be 
essary that another advisory body of 
ists be created as though such 
blishments that have already come 
being through executive order did 
exist? What is wrong with our 
i¢ organizations that such should 
essary ? 
i} , 


¥ 


en scientific problems arise of na- 
nal and international concern and of 
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to officialdom as is granted commercial, 
industrial and labor organizations 
throughout the United States. 

The aggregate expenditures for scien- 
tifie research, including federal, depart- 
state educational 
institutions, and our labora- 
tories taken together represent so signifi- 


and private 


industrial 


mental, 


cant an enterprise in this nation that it 
should command the attention of every 
Senator, Representative and taxpayer in 
the country. Public opinion could bring 
this about if scientists as a body were 
aroused to action. 

The question of some form of federal 
control of public health, socialized medi- 
cine and a plan for hospitalization insur- 
ance has already attracted wide pub- 
licity. It has agitated the whole medical 
world. If such progressive movements 
are to take place, what is to insure that 
such federal control shall be above po- 
litical propaganda? This is but 
instance where there is a growing con- 


one 


sciousness of a new relation of govern- 
Any plans 
scientific 


ment to matters of science. 
covering medical or other 
activities should be worked out with due 
deliberation to insure an intelligent con- 
trol, irrespective of party or political 
affiliation. 

The edueation of public opinion is a 
long and_ tedious But the 
patient and persistent efforts of a united 
scientific body towards this end should 
be fruitful of results in due time. If a 
little more than two decades is needed 
to train for military purposes a new 
generation, then the same amount of time 
spent in an organized effort for educa- 
tion in scientifie intelligence would work 
So often has the teaching of 


prt cess. 


wonders. 
history, literature and allied subjects so 
glorified the results of military achieve- 
ment that rising generations learn too 
easily to place undue emphasis on this 
When scientific 
have 


phase of social progress. 


achievements and the men who 


pushed back the barriers of knowledge 
have been given an equal emphasis, a far 


greater proportion of hero-worshippers 
among our youth will find their heroes 
in science. 

One can not but wonder that the teacl 
ing of science in our schools and colleges 
may have been guided ail too much by 
emphasis upon the technicalities of th: 
subject rather than by the experienc 
and methods of science as applied to clear 
thinking and to developing a true basis 
When one finds a 
science requirement in the 
irritating to a pupil who makes use of 
radio, automobile, airplane and many 


for a sense of values. 
eurriculum 


other devices of science and engineering, 
one wonders where the fault lies. Fron 
such reports that come in from overseas 
one would think that the Union of Soviet 
Republics was far more progressive in th 
scientific education of youth than is th 
United States of America. 

Through a new emphasis in educa- 
tional curricula and a further and more 
extensive science 
among peace-loving nations, one might 
expect that economic and political differ- 
ences would become more easily adjusted 
Nations would unite in the conquest of 
the frontiers of knowledge. One is in- 
deed a pessimist to think that the present 
accomplishments of are other 
than the beginning of a national pros 
perity such as civilization has yet to see 


popularization of 


science 


Such new trends of emphasis together 
with a more direct impact of science upon 
governments could accomplish much i 
the next two decades. Many of the prob 
lems of science to-day can not be solved 
except through the cooperation of work- 
ers in various fields of science, and there 
are many scientific problems which must 
wait for solution upon international 
cooperation alone. 

In September, 1939, there will meet in 
Washington a 
which will be the first of its kind to meet 
in this country by invitation of the 
President of the United States. The 
occasion will be the seventh assembly of 
the International Union of Geodesy and 


congress of scientists 
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SCIENCE IN VIRGINIA 


By WILLIAM H. WRANEK, JR. 


CcSiry OF 


VIRGINIA, host to the American Asso the arts, and administer to the hea 
ciation for the Advancement of Science the subsistence and the comforts of 
for the December, 1938, meeting, is more = man life”? The curriculum he prop 
widely known for the achievements of and saw established at his universit: 


her sons in the field of stateeraft and 1824 included all the natural science 


politics than for her contributions toward In 1797 Jefferson was elected presir 
the development of the natural sciences. of the American Philosophical Soci 
Karly colonizers were absorbed in mak Which had been formed in Philadelp 
ing a living in a wilderness. Few could yvears before, and when he took offic 
spare time to study, to write notes and was one of eighteen Virginians who 
to draft reports on their new-found land. become members of this society ‘* for p 
It was enough to produce necessities, and  moting useful knowledge.’”’ 
perhaps a cash crop of tobacco. Scien One of the Virginia members of 
tific investigation was not for them. young organization, James Rumsey, 
Berkeley, one of the early royal gover making practical use of the power 


nors, gave thanks that there were no free steam, and on December 11, 1787 


I> 


schools in the colony When the sons steamboat constructed according to 
and grandsons of the settlers had moved = plans carried passengers across the 
from the stockades of Jamestown to the tomac River, makine a speed Ol 
brick and stone of Williamsburg and miles an hour against the current 
later of Richmond they were preoccupied In the Shenandoah Valley, in two 
with making a democracy, and their joing counties, the grain reaper 


speculations had more to do with the first devised by Robert MeCormick 
relationships of man with man than with was perfected by his son, Cyrus 
the nature of the world about them Cormick, and a chain-stitch sewing 
Of the Virginia founding fathers who chine was invented by James E. A. Gil 
strove to better man’s position Thomas Chemical studies carried on by John W 
Jefferson was the one who gave most lam Draper, while he was a professor 
serious thought to the natural sciences Hampden-Sydney College, led to the 
Jefferson was not content with freeing ing of the first photograph ever to 


the mind and spirit of man; he wanted made in America and of the first pl 


to give him a better world in which to graph of a human face ever to be tal 
live and to enjoy that freedom, to provide The name of Matthew Fontaine Ma 
more comfortable dwellings and a more ‘‘pathfinder of the = seas,’’ is fore 
varied and prosperous agriculture and linked with ocean navigation and tr 


Industry, to increase man’s health and atlantic communication as the names 
happiness Walter Reed and Henry Carter are \ 
When. in his latter vears, Jefferson the development of preventive mech 
founded the University of Virginia he John W. Mallett, Thomas Jefferson Pa 
enumerated the advantages of the higher Elisha Kent Kane, Charles S. Venal 
erade of education, one of which was to Benjamin S. Ewell, William Morris F 

enlighten the citizens ‘‘with mathemati taine and Jed Hotehkiss are othe 


cal and physical sciences, which advance’ less widely known Virginians who 
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» advance science during the nine Krom small beginnines there has been 
‘enturs SWITT deve opment ana W almost ever, 
iam Barton Rogers, who became phase of modern serentifi nadustrv ean 


t president of the American Asso be found within the Old Dominion The 


for the Advancement of Science banks of the James. the York and the 


this society was formed in 1848 Rappahannock where  eenerat 

hose memory is to be honored at planters lived on their broad acres, ar 
Pa ° 
¢ lecember meeting of the association, now tringved witl plants for the manu 
i 


ppomnted In March, 1835, to be the facture OF paper, oF ce tlose fab ana 


fate veoloo ist oft Virginia lle was orhnel prodtcts of na strial « ey} 1! 


-_ e at the College of William and | wes hay woomed a 

es and he transferred to the Unive tain vallevs have taken on unaccustomed 

‘ Virginia, where he served as acl tv almost over night \nd behind 

Ip] sor of natural philosop! vy unt eu step in this expansion of industi 

ne The failure of the Virginia Ger is a storv of lone and iretu entifi 

- \ssembly in 1841 to continue its investigation, most ¢ t carried 
priation for the Geological Survey secret and protected by pater 


d in the abolition of his office as A century has gone by since Dr. Rogers 


eologist, but as university pro founded the Virginia Geol al S 
he continued his studies in the but it has been lare: throueh the effort 
™ phvsiography, mineralogy, pe put forward by tl or nee Its Vr 
7 PCOMOMIEG veology, stratigrap! \ Viva n 1908 that the nera tI 
. paleontology the Old Do niol heconme ") 
: lle left the University of Virginia to Under the direction i the te TI 
Cambridge, Massachusetts, where  L. Watson. of Wilb LN ind 
ame the first head of the Massa of Arthur Bevan. the Ge al S 
m Institute of Technology The has soueht to discover the 


; 


ts that he published and the papers concerning the geok and miner re 
. behind him when he went to sources of the commonwealth a to pub 
M lassachusetts, which were edited by Ma sh accurate reports of its { 
Hotchkiss, war-time topographic e1 Dur re 
‘sh r for General Stonewall Jackson. ferent kind ify mid nera | 


\\ vhich appeared in the six volumes been quarried a mines Vii a for 


or at Greology in Virginia’’ between 1880 — comme a Ise, al t 
: 1885. led to a wider appreciation of quarter centu thie 
o ntific possibilities and opportunl of the state has totals rou eb 


hot f the Old Dominion aie | i's nm adalit I | pub 
\\ itt B Rovers and his brother. Tle ( renonrts thre \ } { 
Darwin Rovers. mace PXTeHISITVE Surve has tor tl 


servations im the Virginia Ap cooperated with the Fe (; ey e) 


r ais Professor Rovers died ! ! iil eX . ‘ rp? 
. ) | , 
and eleven vears later there was 
es . 
- Saltville. in the heart of these \\ ly 
Ss, the first plant ol the Mathieson S11 he npinnned for tl tence] + 
r 
ro Works This was a forerunne) tr and went is to prepare 
al ® great industrial movement. that for an observat 
I read through Viren im” durine the t; vest of Cha tt But ther 
riree cle les aT Tie Tw nrieti 
al 
| , ‘ 
) 
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when it Was proposed, 1h) 1866. to bring 


Commodore 


Military 


protessor ol 


Maury from the 
Institute to the wm 
astronomis 
Leander MeCormick, 

f Cyrus MeCormick, 
the un ° 


son of Robert and 


brothe 
to 


presented 


ersity a refracting telescope 


of 26 inches aperture and 3525 feet 


focal 
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to succeed Professor Stone At 

Yerkes Observatory he had been enga 
in the measurement of the distances 
the stars by photography and he be 


plans to continue this work at Virgin 
The 
the MeCormick Observatory 


1914 and 


photographic work was started 


in the 


tibnihh of sinee Then 


more tl 





THOMAS JEFFERSON, BY 


the 


883 with Dr. Ormond 


leneth which was. when observatory 


Was 


Opened Ith 


Stone as director, the lai ana finest 


vest 


in the whole world This distinetion it 
held for only a few vears, but it remains 
to day the largest refractor in the eastern 


United States 
1913, 
Yerkes 


umbia Universit, 


Twenty-five vears ago, in Dr. S 


A. Mitche 


servatory and 


from the Ob 


came 


Prowl (‘a 


ake In 


$1,000 pilates have been t 


project Dr. Mitchell has had the supp 
of such colleagues on the staff as D 
Charles P. Olivier, now director of f 
Flower Observatory; Dr. Harold L 
den, now in charge of the Yale Obset 
tory in Johannesburg, South Africa; D 
Peter van de Kamp, now director of 
Sproul Observatory, and of his preset 


Dr. Alexander N. Vyssots! 


ASSOCTUTeCS, 





observe 


ar 


SCIENCE 


irk Reuvl and Dr. C. M. Ande 


IN VIRGINIA 


St tors as ~ 5 21. 
rl about ten of the vreat ob i Ne | i} 
es are engaged in the pro) DOV The stre 
WeCormick Observatory Is one < Ww! They ire i ( 
bservatories measuring the great I ! ‘ have b 
ber of stellar distances At the . he 
ner ¢ the National Academv o ~ & OOOLOOD . 
s Dr Mitchell reported on the ct 1! . 
nation of the distances of 1,350 SUDDpo! ind spl 
the trigonometric method A WI Sp 
stars in the sky north of 20 ! 
aeclination ana irrespective = ofl ! | I 
nave had their distances measured _ . ! sD 
esent working program ol the Me . ne 1 rs ¢ 


k staff consists el iefly Oot measul 
stars of large proper motions 
the large collection ot photo 

s made by the 26-inch refractor tl 


morions of 18.000 stars | ave he } 


ned 


and 


published 


int material 


there 


Was 


From this phed the ultri 


found the 


of the sun with respect to stars 


9) ‘ } , ‘ f pent 
it magnitude and = different 


the rotation of the galaxy in 200, 


UU.000 > vears and the constants of the 

ession of the equinoxes It has also 
possible to determine the mam 

s 8,000 sequence stars to be used 


stars in determining the 


parison 


tness of 450 variable stars of lone 
Mitchell is perhaps the world’s 
ost observer of solar eclipses, and 


s traveled many thousands of miles 
total Ile had 


| for seven vears as president of the 


Ten 


eclipses. 


and 
Astronom 


ISSION On parallaxes proper 


s of the International 
ion When, in 1955, he gave up this 


to hee ome president Ol the COPIES 


ec pses lle was reelected head 
s commussion at the last meeting ot 


Stockholm 


rtant 


On In 


LDnipe new apparatus for a 


problems in chemistry, 


and medicine is the ultracen 
ire developed In the Rouss Physi 
atory of the University of Virginia 


1) 


Jesse W 


Beams Ile ana IS 


ana nadustria labs il 
oti lands 

I) ii¢ Rouss | ib i 
Sinod has been maknu 
voltac electrica ‘ 
Ile began b studvi t! 
iy the rborators bit | 
stud rhtna il 
tv summers | has } 
Chure! 1 the uppel 
( nti where he has ex 
VEX ne tt thie i! 
Seven Vin i colleves 
ties , yay ti) on 
seul projyect ti I 
Started naer Tl sup 
Tol mm 3 of the 1 
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Lucius J. Desha and John R 
Taylor, of Washington and Lee Univer- 
W. Watson and F. H. Fish, of 
Virginia Polytechnic Institute; [. A. 1 )p- 
Randolph-Macon College; Wil 


Marv Baldwin College, 


College 
sity; J 


dike, Ol 
liam EK. Trout, o 
and A R Armstrone ot the 


College Ol 


William and Mary Already about 1,200 
compounds have been studied, and more 
than 150 separate tests have been made 


with each compound 
chem 


Another cooperative 


project 1! 


Istry, one that has been under Way tor 
several vears and that has attracted 
wide-spread attention, is the intensive 


new oreank substances 


but 


endeavor to find 


with analgesic properties without 
habit-forming effects. This investigation 
National Re 
search Council and has been directed by 
Dr. Lyndon F 


men workine with him at 


has been supported by the 


Small, who this vear has 
the 
University of Virginia. Scientists at the 
Michigan and in 
the Federal 


are joining hands in this work 


sixteen 
University of four de 


partments of Government 
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In the field of biology the Univers 
of Virginia carries on activities at tl 


Within the Bio 


Charlottesville 


hrocartlons 


separate 


eal Laboratory at 


ST ly Ol flatworms being made by | 
W. A. Kepner and his associates 
resulted n the discovery of many ! 


At the Norfolk Division of 
William Mary, Dr 


work on a 


species 
C‘olleve Ol and 


Jones Is al eorre 


Ruftin 


study of marine flatworms 


At the 


which the uni 


Blanady Experimet ta Ka 
ersity operates near Bov 


Investigations nto the evtovenetics 


Various vroups 


the cvtotaxonomy of 
conducted by Dr (or 


plants are being 


Kh White 


Studies are also in prog 


and a group of research fell 


ress on the 


vevity of plants, the prevalence of va 
ations in wild plant and on 


species, 


relation ol veographi Cal CISTI ibution, ! 


resistance OF plants to 


tation and the 





temperatures 

SUDNerS a Biological stat 
Mountain La 
Li \\ 


For nin 


has been conducted at 


Ivey F 


under the direction of Dr 





OF HE ORI| vA PAVILION 


SHOWING THE FIRST 


WHO LIVED PSTA S AND TA 


WEST LAWN OF THE UNIVERSITY OF VIRGINIA 


IESIGNED OMAS FFERSON FO 


mow > \ ~ ’ S HAV \ ) 








SCITENCE 











I + 
if 
} 
cil 
W's 
rl 
t 
a 
a4 
WIS 
her) 
S Ca 


Kast | 


< 


| 
I i 
= : 
a Si 
\ 
{ 
f 
s fe 


THE ROTUNDA, DES 


and investigators from 
states and from some ei 
es are in residence during 


Dr. Paul R 


h summer 


4 


IGNED BY 


0 iH OMAN |] oT? or 


the 
stern 
ten 


Burch, ovue ol | nivel 


IN VIRGINIA 


tadford State Teachers College, 1 few med | projec 
ting a survey of the animal |i tioned Probably tl 
a, especially of the Alleghany members of the Ame 
Dr. L. R. Cleveland has pub the Ady ement of S 
! stigation of the svmbioti and photograpl S 
s he wood roach, an impor und mus s by Dr 
n relation to termites and vi eived the $1.000 pl 
ties. Dr. D. R. Hostetter ition s New O 
bure, is completing an exhaus nis 2 Vestigal 
the Carolina junco, perhaps (ther medical studies 
mplete account of the lit tions ictless g 
(| habits of ans southern bird Gg , nal , he 
ches of wide Variety are in prog i ! S surg j 
ding the ichthvolog of 1 | nine thin tl 
ver and the Ohio River drainag ra, tl nti f b 
! he on either side of ft experimental studies 
Mountain Lake yy SCHSES Cotte 
commonwealth there are two tant. n be named 
r medical research, the Depart permit 
Medicine of the University In Among many of the 
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but s medical knowledge made by 
members of the staff of the Medical Co 
lev f Virginia may be listed the ex 
tensive work by the Department ( Bac 
tel uy ! he liqueract mo oof oe j r} 
by bacteria and on the isolation and 
identification of pathogenie Tung and 
the SI il eS On} msectic ales the elycols 
and the standardization and action of 


dig Talis preparations by the De partment 


of Pharmacy The composition of alve 


and factors affeetine it as 


olar aur well 


as the physiology of muscular contrac 
tion and photosensitization have been 


SUccCeSS In the 


attacked with considerable 


Department of Physiology 


In other departments at Richmond 


work has been carried out on the effect 


of various stimulations on the sympa 


thet 


liver damage 


hervous system, the prevention ol 


from the administration ot 


substances, the interrela 


Various TOxX1e 


tion and dependence Onl each other ot t| e 


heart and certain secretory 


lune, blood, 


organs, especially their mutual chemical 


] 
aisO 


interdependence and regulation, and 


the experimental production of lip 


oldoses, botriomycosis and certain Types 


ot hepl ritis 
In the clinical fields due emphasis has 


been given to the improvement of the 


routine care of patients, as well as to the 


Investivative siule of elinical problems 


Much interest has been shown in the dis 
covery by Minot and Murphy in the treat 
and a eon 


anemila, 


ment ol perniclous 


siderable number of original observations 
have been made and reports of these have 


national journals In the 


appeared 


last several years the investigative work 


has concerned itself with the physiolog 


ical adjustments occurring In anemias, 
arteriovenous fistulae, in pregnaney and 
conditions which throw an ex 
load on the 


The availability of a 


in other 
CeSSIVe cardiovascular ap 
paratus large 
amount of clinical material in the Negro 
race has stimulated research in compara 


tive physiology and the variations of the 


reaction to disease In the Negro 
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The Medical College of Virginia 


larve hosp tal for colored pa nts 
this has provided the Surgical Dey 
ment with an exceptional opportul 

study the diagnosis, treatment and 
prognosis of heart wounds 


In the Department of Dentistry 


siderable study has been carried 

regard = te t he histolomical chane 
teet] due to plastic filling material 

ports have been published on the sul 
showing the varying effects of diff 
tvpes of fillings on the histological st 
ture of the teet] In the field of 


dentistry an effort has been n 


understanding 


the biological iws of the dental svs 
IS hecessary mn the construct 
artificial restorations. Certain nat 


that are of direct Importance 


forees 


the prosthodontist originate in the de 


| 
system and the fact that these forces 


from living tissue gives to this w 
hiological 


Within 
there 


aspect 


laboratories of \ 


scientine 


ovina are more than a 


workers, most of them with college or 


versity affiliations Undergraduate 


professional struction constitutes 


most work of the majorit 


them, but 


Important 


almost every one finds op 


; 


tunity for specialized investigatl 


1S 


list merely the names and researe!} 


tivities of these would be impossible, 
some typical projects x] oll d he 
sidered 


At the Virginia Polytechnie Inst 
the Department of Chemical Engineer 


is at work on several problems in the f 
of farm chemurey Two studies on 
beans are in progress; an experime! 
being made in the use ot the entire 
ton plant, stalk. leaves, boll and In 
a basis for synthetic lumber, imp 
methods of drying and curing tob 
are being investigated, and laboraton 
formation on the utilization of } 
hulls is ben soucht 

The Virginia Agricultural Experi 
Station, with headquarters at Blacksb 
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SuUD-STUTIONS S« tte ~ 

iif nasa sta ( ~ et “ the is 
The va } 7 Tie mT} ‘ ] \ 
| hea ( Dine mok ne sup hy 

] 7 

id ! buy l l ! ii 

' 1 
ower warden s Stile Ss 1 ( 


Ins ite. has found that pastem 
( Hi IK ! il atmosphere ( i? } 
] ; 
) le prevented destru ono Vil ~ j 
> ind produ dal ! Vita nm 4 \t Wasl 
0 The blue mould or downy n ( the most interes 
‘ + fungus, which wiped out. seedlia alin We Pan ee lay 1) 


1937. has beet onquered b >| L 

thologists under Dr. S. A. W Shi doah Va 

rking In cooperation with Duke hie ninerals in the 1) 
sity Animal pathologists hav Il. M. Stowe and Dr. E. C. HL. 1 
racing the life history of the black have also bee 


vhich breeds in the larger streams on Rock \ a stru 
\ thwest Virginia and whose bite I the B ) il Dep 
smits a disease which has taken neton some workers ha 


toll in the turkey industry At the fe histor ana ¢ { { thy 


sub-station the varving tolerance to nished plant bug ele hile othe) 
eodlineg moth larvae Pron have bee nvestioath ’ ’ metab 
\ ived. to unspraved orchards is ben LISI experimenta rite 


The Virginia Cooperative Wildlife Ri progress for seve 


h Station, beine conducted under book preparation and rificat 
lirection of Dr. I. D. Wilson, head two volumes have recent hy 
I iepartment ol hioloe, nt the 1) w bp erg 


s under the joint auspices of the This survev of the 


; ! ind state governments and of the Tons 1 \ rome torward wt the ©) 
tute It is one of eight wildlife Dominion is all too i 
ns in the United States The wild ntended to be a comprehe 
. s the eenter ot a study wl } iS Or thre stub weet but rather) | } ‘ i 
eri food, cover, diseases and pointi first here and the 
“ls of restocking Deer, quail the research spirit has pet 
and other game birds and ar orner of the commonwealtl 


also being observed by . () Hl eHrnest | Tite wari 


ley, A. B. Massey, C. F. De La ing welcome awaiting those wi 


Ky rineering Experiment stato Ame! i \ssoclat ! tor 1 \ 


Virginia Polytechnic Institute ent Si 








THE RECENT HURRICANE IN NEW ENGLAND 


By I. R. TANNEHILL 


THE hurricane that wrought such dev 
astation in New England on last Sep 
tember 21 originated as a_ tropieal 
evyelone about 12 days befor presum 
ably in the region of the Cape Verde 
Islands, thence traveled westward, as 
storms of this origin do, to near the West 
Indies, then curved northward, crossed 
New England, and faded over eastern 
Canada Although this great storm, 
during its charted history,  travele¢ 
about 3.000 miles, its destructive effects 
were confined almost altogether to Long 
Island and the New England States 


before ; 
ships to the 


Such storms have occurred 
of 
bottom in the open sea, but the modern 


Some 


them have sent many 


steamship, with information and warn 


ings by radio, is seldom in serious dan 
rer Boats along thie coast. seaside 

The photographs on pages 42, 44, 45, 48 and 
19 have been furnished through the courtesy of 
- 


structures and property in the adjace 


interior can not be adequately =p 
tected from the fury of a great hu 
cane Its destructive effects are ow 
to the winds, which come in vicious @usts 


flo 


to the 


torrential rains, which cause 

in the rivers, and to the rise of the 
along the coasts due to the driving f 
of the winds and the reduction in atn 
pherie pressure 

How such storms originate is not ce 
nitely known (‘ertain cond vont 
exist almost universally over the 
face of the ocean during the format 


period, namely, frequent showers, li 


winds and warm, moist air, are thoug 
to be necessary for their developme 
These conditions are frequently fon 
in or near the doldrums, which is t 


belt of calms lving along the heat equ 


tor between the trade W na systen S 
the two hemispl eres Observations du 
ing the birth of a tropical eyclone she 
that unsettled, showeryv weather wit! 


\ 
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STRE AT WOODS () => 
of air takes place over a di . Wal 
e area, usually involving ) arrives 
square miles Because ot ily about ZO 
the earth’s rotation, thi it is likely t 
would otherwise flow di from t eq 
the center, are deflected the turn and 
in the Northern Hemi idly 
left in the Southern), and been numer 


nic wind system is thus estab- them have 

course W 0 

ISsiV, a complete explanation Ol Vai is 1 

nesis of a tropieal eyelone must tropical ey 
n a knowledge of what takes | 

he atmosphere above the Ocear 0 

s surface; the information avai irricanes 
present is inadequate for this ! 

Si Pa () 
of these incipient disturbances pp ns 
erow Into violent tropiea West | 
thers imerease in torce more mn ‘ 
hile many ol them do not ce tropies, DU 
vthing more than mild wind XC] s 

s with unsettled, squally ithe T 

ter its Tormation in the trop ST X 
evelone begins to mov rv | 
accepted explanation is 1 sed N 
pical storm moves with t] re) rs ha 
ft of the air masses in whicl M) on . 
n tropicai regions this genera m had de 
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IN THI BROM 


Oo 


VICINITY 


BOA WAS 


OF 


sity before leaving the tropics. Never 
theless, it is necessary to go back more 
than 100 years to find a hurricane in 


closely 


New 


the storm of last September in destrue 


England which approaches 


tive power 


history of hurricanes in 


New iD 


advances that 


The 
gland 
h 


their early stages of development and in 


reveals some of the 


ave been made in detecting cyclones in 


following their movements from day to 


day Perhaps the first of tl Visita 


reeord. was 
Although 


tropical 


tions, of which there 1 


the gale of September, 1635 


S any 


was of 


this storm undoubtedly 


origin and of great intensity, the only 
noteworthy result was widespread «i 
struction of trees, there being then but 
few settlers 

No suspicion could have been in the 
minds of the scientists of that day that 
the hurricane is a sort of great whirl 


KTON, M HUSETT 


) 


(SS \(f 


wind about a center of low atmosp! 
pressure, for the barometer was 
invented until 1643 and hurricanes w 
not treated as whirlwinds until al 
1650 Nearly two centuries passed 
fore then nature was satistactor 
demonstrated 

Severe hurricanes visited New | 


1788 


815. The 


known as the ‘‘ Great September Gia 


vland i and latt 


was probably equal in destructive px 
of 19 h 


to the hurricane 


September, 


Newspaper accounts of this storm w 
preserved, and were published in 1s 
and from them the path of the st 
ean be accurately determined from 


West 
At 


cane of I815, 


New 
time of the 
Oliver 


Indies to the England COa 


the Septemb« r hut 
Wendell H: 
His poem, 


rs 


was 6 vears of age 


TO THIS 


Septem be r Gale.’’ refe 


cane; the following 1s an excerpt 
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AVOC WROUGHT TO BOATS ON THE EASTERN SHORE OF MASSA‘ SI > 
i ime roaring tl oh tl t > 
het a pata her ga aad Under the stimulus of hedheldos a 
, ] t] 
na a Vinge; 
. ? : : eovery l pica cy ~ ! We | 
es rts and yx ticonts ° 
wel ding off like witches; Indies were studied, from 1 data ava 
ib ' bitterly I wept able in t logs of ships, and the 
| ‘ Sundav breeches’ 41 4 r 
1 | paths 0 many © i ! url 
Ol ‘ourse of another September hut during: tl Follo 
in the vear 1821, was very sim tury 
Ky l That ol the recent storm If Ihe next severe il j } Ny Ie 
itter ssed Lone Island, movine northward, vlan irred in Se} miber Isoo | 
ale ter passing to the westward of was destruct ! vel ty 60 


O71 Haven In traveling over the dev miles Wide llowevet f V4 , 
1933s ted area, a saddler by the name of Warning oF Its aj 
wel im ©, Redfield (first president of — Weal 
Ist? \merican Association for the Ad IS70) The first caut nary vari 


tor! ment of Seience, and grandfather a Mr ipproa Ni 

| late William Cox Redfield, Seer was issued in 15% HTiis , 

as Commerce in Wilson’s adminis raced from t Cay 

Wy! noticed the direetion in whiel Verde Islands wv ira POS \ 

Imes fallen trees were lying and con antie Recurving betwee Ber 

‘| i that the storm was a great whirl and Hatteras, the storn 

ul However, he did not publisi His eriy course and crossed . I 
until 1831, when Professor Olm Nova Scotia, where it was ry a 


of Yale University, induced him _ tive More than 1.200 vessels were 
an article for the Journal of As the hurricane approached 1 \ 


, 
and Arts lean t iy coast caut neal val pcrs 
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WILLIAM ¢ fEDEFIELD 


at Cape May, N. J.. New York tl 7) yest ite the 16t] Oh 
nd New London, Conn servat s on the mor map of Sey 
the advent of radio Communica tember 13 ga son 
became possible to follow a hut Clon reulation r Id 
its development and movement west ence t stor probal , 


cean and to give more accurat: nated near or sout f ( Ver 


f its approach. There have bee Islands Many hurricanes \ 

y achievements in the wan and September have been t1 

which ielude internationa reg put Wing to 1 sina num 

lon, the voluntary assistance of of ships er the ist in } 
f all nationalities and pl St 1 ( Ver \\ 
on of colleeting, mapping and ndies it Is impossible to establish as 

ng the information hite tracks Tor many 

) 
11 sia hs 

rst charted position of the hu reports arrived by n from 1 


September, 1938, was at 21 rica Stations oO} I ‘ \ 
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TREES AND POLES UPROOTED BY THE HURRICANE NEAR BROCKTON, 
MASSACHUSETTS 


{ to the shore station 


Islands or from steamers in the neigh mission by radio 
borhood by telegraph to the Weather Bureau 


it ive. Occasionally a ship Is In a 


Over waters near the Atlantic coast 
Is usual \ possible To plot the observa Tioh to send a radio report which ‘ 


tions taken by ships in a hurricane with ables the meteorologist to determine thi 


a delay of only about one hour in trans- approximate location of the center 


at. , “is 
ae —s 
> 
~>* 


°¢ 


— 
- . ~. 
~~ 





rg _ , = = RO : 
ht me ~~ a Pe a oe + vac 
IE FORCI ) 


\ BUILDING IN THE VICINITY OF BROCKTON DESTROYED BY‘ 
rik WIND 
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the xamples, in it 
dies within an hour or two after rica Or September, 1O5¢ us 
servation is taken on shipboard ! sou da 
ord in that respect was the on the mon v lt trong 

a hurricane from a ship at 17 Winds (50 miles or } oOvel 
41° 18’ west, on S ptember an area with a diameter of ! O00 

hob In anothel! stance, nearly as I CS It CPoOSSecL eXTren Cust ! \ tf) 
eastward, a hurricane was Caroli) i but recurve: 

| definitely by a radio report from northeast Ss ( at sea rt 

orth, 48° 15° west. on September distance from Nant eke \\ 

1s r") LS op Ber 
Y the movement of hurricanes muda a 1} ! 

hn the Atlantic between the Cap Str O < () } } Der 











Call 
‘ 
e 
a 
: ' “ 
ON WALL OF HOUSI TRANSPORTED BY an VIND  \ \ cy ON 
i ON THE HIGHWAY 
I 
‘ 
f sand the West Indies S toward ’ as abou WO» , fey 
est-northwest or west by north 3) I’ oht the ba t the 
Stages, but the majority recurve nter f the ) ent , . hy 
hor west, north o7 northeast bye IDIV ab t 2s ! . ! f ver 
reaching the West Indies; a frac- during most of ite ene... ., : 
= n continues ! a weste) ib tf the avers fey) , , ned 
itil they reach the West Indies of lars meter. } 
‘ 
s Atlantie States or reew 
J ! ititudes w e traversing 1] } c 19 n 
: > DeTWween the Bahamas and Bey ist tf r ppines | { ted 
] 
it and ereat ! ns ] Iy _s ’ 
ongituce f Py . () rd 
I rs there have he 1 Some } 
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India int rie isu ave a more l ! ( ravi iny ! rn 
rapid progressive mot ‘0 to 5U miles is tI Nn mum velo . 
an hour than tl d n the tropies Cal nas 
\ ! t iverauve ib I? on CS i (Orelinatr The tiae ya Tine is 
hou Ni rth recent i) t irricane center and to the 1 
cule i il ri 1 resp 1) 11 ~ nsiderablyv above ! rn i 
12 | irs if moved NH L pPositi oll Storm moves ma In some ! 
Hatteras t uthern Vermont and Ne it reaches 1 proportions ¢ 
amps! re (Over tl part of its course wave’ or “‘storm wave’’ whicl . 
its ra of progres is about DO n trous 1 bite ind property () 
an ! 1! ist f India and China ‘ 
On the rig shale king forward human Iit is been placed at 00,01 
alone tive ! I pt ! Ss, The vinds « mor a single storm Ix ep 
the hut ine are directed more o1 S lara sses 0 ite vere report 
along the line of pn ression, so. that Backergunge, India, in 1876 as 1 
their velocity ino this) portion of the sult of a tropical evelone and 
storm iS a combination of the tw mn wave, estimated at 2ZOO.000, and at 
tions Qn the left side. the forward rong (hina ! ISS1,  estimat 
movement is subtracted, more or Tess 300,000 
from the wind system of the hurricane In the United States, the great 
Because of its extraordinarily rapid asters of this source were in the G 
movement toward the north, the recent ton hurricane of 1900 wit SS 


New England hurricane had destructive reported to be approximately 6,00! 


winds far to the eastward of its center in the Florida hurricane of 1928 
100 miles or more, while there was rela nearly 2.000 In the reeent hur 


tively litthe damage to property on the in New England, the loss was about 


west side The areas of Lone Island and 
Wind velocities were high; 82 miles England, over which the recent 
an hour at Bloek Island, R. L., 87 at ‘ane moved, are much more d 
Providence, R. L., and 121 at Blue Hill, populated than tropical and subtr 
Milton, Mass., near Boston. These were regions subject to such storms, e) 
sustained winds, measured for periods parts of India, China and Japa 
of five minutes; velocities for shorter i property values per capita are 
tervals were much higher, as evidenced mueh highe Conservative estimat 


by measurements ranging from 175 to the property damage on Long | 


183 at Blue Hill Obs rvatory Hivhe and in New Eneland pla the t 


velocities have been recorded ino hurri tween two hundred and fifty and 
canes, notably five-minute velocities hundred and thirty million dollars 
reaching 150 miles an hour at San Juan deed, there is little doubt that 1] 

P. R., in September, 1928 ln many in of property destroyed by wind 
stances the wind-measuring instruments water attending the New Eneland 
have been wrecked or the supporting ricane of last September was g 
structures have been thrown down prior than that reeorded in any other ti 


te t hie fill bores ol the storm. hence CVCIOTL it) the world’s hist ry 
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| FAR AWAY AND LONG AGO 


: By EDWARD W. BERRY 


as 
borrowed the title from Hud Pat 1 is thre \\ if 
Ht lt recotl Tions Of his be ‘ ‘ “ 
( 
! thre illin itable neres of 1 \ | iw 
yn 
} Estancia becaus t Is ws iD ‘ +] 
aoone under wl h to deseribe f < \ , 
th) 
thie lite I! Patavon a cguiite SI 1) | roy \ , 
lO? 
wi and almost nfinitel loneer ! ( ‘ \ ‘ 
T¢ 
t] Which LT have had a small part , , 
| that part Was in the nature It Ne ( byiuat _ ('ry 
i mas bye called retrospect Ve ( } yyy thre \ 4 


experience has convinced me South Latitude to t S Ma 
raphy is not one of the native il Althoug! t taper ol towa tiie 
= ments of our great republ ~ hern Cross ai 
er 
pS tS verv size Works acuinst this. I) = 
easy to imagine that the edu S reater that 
tt) > 
mn iss at least in a half-pint com except Tus 
would have a better knowledge of The climate 
- of the world At anv rate my\ sible TO lmhagwine ! 
- . in never understand why / adesceriptions of ti ul 
d e under the equator, why IT did not fer of the treel vast 1 cl 
vood in the Bolivian Andes, o1 press elfect 
dens Med preter the climate any Darwin writes of it tte to Heo 
ro} the perimeters of the Carib ow in 1832. °° TD had hi Tine redil 
ex | that of Baltimore OF Daan Nature I l tf 
ny been trvine for over a score of ( ’ 
. opportunities offered to find out In | sJournal d +} 
val r of the floral history of Sout! Rio Santa Cruz we f wi 
Is a Of late vears through the Thi plete t 
ota ess of former students and friends Patagonia tah 
l ais of surveys there has been ate haracl I 
s material. Quite the most exter shi ru 
= ection was sent me a few vears (MW nit 1] 
ud the Argentina Survev throug! Sill thorn 
id terest of one of the vounger men Wi ew ‘ 1 | 
al | its staff Senor ed ose Ramon Ie el thie er baa 1 Ute ! er and 
tre | The results of this study were tI 1 inlet VI I ea t 
1 last July, and the editor has vere : el b nts 
to prepare a sort of abstract of Tint reel TI 
for the readers of Tre Scien ntl ind, anc the ne ON 
' LY bys elble } 
Si tv of America Sp Pu 
! 1 \\ t 
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bac | paint me people even rrassv pla . . 
rrow to tb } ( 1 pthnowel nave ‘ pha er hil hoes } 1 
rie ! wil Thre (nM | tune to meet sticl Sup quent ¢ oOvVverles 
who a for a res vou that Oo tat s the al sper 
he ha een better ¢ » it vitl plants are oncerne t| 
Patagonia bya thie ( f we lool { ret eous, those of Pata 
beneath the i! ( i the barren asl I ent Those ne | 
bye ( examine the barra iS there norther hemisphere to 
comes to light the 1 d evidence of smopolitan types whiel 
i ori past hot Hip the « dlenee it off by reovraphica 
ola ! ( ohien ave, Dut ¢ a lone The OMINOM rese om wl 
on of great eras during which Pata of dispersal ol 1} 
ri) i was the home of a reatel ariel lora Or buUTHOrities 
of strange beasts than at other revion ter of radiation was in the 
ol The clobe eitdnel past or present hers ocnte t ent 
There Were rreat by iNT thal oO ec | ih others thi that t W . 
elephants or rhinoceroses that were not me Ln ovicl - 
elephants or rhinocet s Even the fa jinions are based 
Mh ir evolution of 1 Horse vas paral ! ! it oa ! Ve 
eled in quite an ut ited sto Ol wnat Kollow thie ite Up 
rial oO that the el al tor Oot how flora n Pat hia IS a Se 
Noah named the Wrious animals would re viel ( 
wi out el bev ! Patagonia The Ihiis i bl i eure 
tor in that the eXplanhation of rhe flora ! | e ot rathel 
! ne of the elephant, the on and ti reelit Sal wt | ry 
1 er Wil ‘ eeedi Pripoie Nogl tru ‘ T . ) 
thie ooked Tike an elephant or a tion or rathy wile ead flor 
“at ! ( Cr Wi ( ( ( wl 1 
| tI method had Deel il ec inn thy (Lol ! lf 1) ! ill-le ec 
rail ! 1 the te fauna of Pataewonta i reat ariet ot beech 
Noal would have beet ob ed to ea nant element his | 
thay Pyrotherm 1 elephant thy As Prey) thre Straits « Via 
trapothere i hipp potamus, the Prot from Sevmour Island on 
there i horse cvnnne | ne stranve mal Antarctica i 1 Tro ul 
pra mons ort ‘ nd the Toxodont Patawonia Chubut and 
an rhinoceros i rate as Scott ritorn Or rthiwarad t 
we “HVS the ertial hiammais Of 1) s HIS Tempel 
Patavonia are eri as if the he eati » somewhat harshe 
onged on another planet the Paleocene flora whicl 
Naturally this maze of herbivorous what I have called the 
inimals which supported the host of car flora which succeeded it 
} oreo marstipla Wl } pore mt on Phi ist which is the 1 
ther required food, but until a tew and varied of a comes 
ent mro nothme wa nown of The ve | Oc CS ! Thre 
tation of Patagonia in Tertiary times gonian territories from Ri 
and the vertebrate pat ntolowist were north to santa ©! ont 
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ON 
ND 


nists ‘xisting floras this @venus 1s 
confined to southern Brazil, a relatively 
small area in southern Chile, and the 
Australian region If nothine were 


known of its geologic this mod- 


} istory 


distribution would afford 


ern a strong 
argument tor an Antaret or at least 
antipodean eentel Ol ! ic atiol But 
Araucaria is a vel il ent tv pe and at 
tained a nearly world-wide range during 
the Mesozoic era It was exceeding! 

common in Nort} \metr is well as on 
other continents durn Upper Creta 
ceous time, and its present-dav ocewm 
renees are readily understood as the si 

Viving representatives of a northern ce) 

ter of radiation and re re for then 


explanation no sti t of continents 
nor hvpothet eal ane Dbrideves mn souti 
ern latit een found 


ules. Araucaria has | 


‘ 
1 the Rhaetic deposits and 


In Argentina li 


was exceedingly common in that region 
during the Jurassic, as indeed it was in 
the earlier Tertiary 

I know of no better ustration than 
Araucaria for showing the futilitv of 


rit 


IS 


HILEUFI \'l 


RIO PI 


MORAINIC MATERIAL 

GISCUSSIONS OF the origin ana adIstl 
tion ol plants by botanists familiar 

the plants of oniv one reological pe 
and that the Recent A generation 
the plant veographers looking at the 
isting Araucarias in South America 
the Australian region were’ foree 
conelude§ that t eithe originated 
Antarctica and spread into tempe 


SoU ana 0 
Nor KK Islar tl ma A istral al or tl 
orieinater Ore o>? The ormer oT Ti 
piaces ale spreas TO Thre Thners < 
ONS \) ria wt | | rtiyeay et? 
this thesis. Patagonia to-dav is pi 
} Treeless \ Prens Thre nite?! Ans 
s and the south o ( |] ( ire 
erec wit! Le LINe Orests (dive ( 
anons of plant geographers has | 
that a large number of Argentine Pp 
were ntrod weed rol t he ( } leal 
rion. We now know that a large 1 
ber of trees, whose descendants have « 
survived in the wet Chilean region, W 
present in Patagonia for several 








FAR AWAY AND LONG AGO DD 


id disappeared from that region fossil floras it would have bee 

cally vers modern times after nized, so that preter 1 vith 
es had reared their bulk across ment 
sture-laden ‘‘roarine forties”’ A n all there are 99 genera in 57 
s desiccated Patagonia fal es and 2S orders t! \ 
phia Is another genus frequently cene flora It is there! the most « 


forward as evidence for an Ant tensive known Tert 
‘ontinent with connections to America. being approached on by the 
a and Patagonia, or for a trans flora of the same ave from the At 
and bridge Its two existing C‘oncepelol on measures thern 
. me in Chile and the other in Chile. and that from the Isl; 
aand Tasmania, are nearlv 160 dad at the other end of the A 
| are belie ed by sVvstematic 7 vo nev renera are ! ’ Zed |? ] 
sts to be closely related. A direct terlabatia in the Sapotaceae and P 
nection between the two in exolobus in the Asclep rT N <1 ' 
terrific strain on the imageina eres are cdeseribed mn the ) ‘ lo ¢ 
it is difficult to explain why, sting genera which | —_ ' on 
had been such a connection, New bee) recognizer ! 1! S 


ce d failed to receive its quota. Un- Adenocalvmma, Aza Diatenoptervx,. 


no fossil species are known Embothrimn Kuet Luann hia, 
one from Patagonia that is Mascaenia Vivre e) Not hoebe. 
the recent report. The foli Nvetaginites, Remijia, Sala Stylo 
the two existing species is quite ceras, Tabebuia and Villaresia 
and it is doubtful whether even The lareest sinel renniic Mvyreia 


enus were present mm northern witl SIX species) and riet Next 
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wit! al ‘ l W t| r ! fii ra Wi ! hn the ex 
th flora r both in South Amer 
TI ! in Sapinda rh severa I e Pa i! 
\ 13 sp ic ed b he Law t tI \ hus Embotl u 
e vit} 10) ) \ivert ene 1) s wre South Amer i al 
aie I i) if ! e 4 * De S ine tra i! L, ( l Ss C¢Ol rie 1 { 
Ay 1) Sp ‘ thie Stel il trict New Zea il | Bate Copros 
( | int ( ) ) r eu soul Ame i! i wide-ra ! 
1! ( bila i Vi ie, Celast! Pacih slandas 1 New Zealand ar 
( \p ha if | ‘ ‘ eacl tra ! Tf the eo re i were 
! Prot if \I Leen sa hipret Hhown, These ) 
p sienol 8 sp d tribut might be ex] 
; Bot 1) ‘ nal mniat r¢ 
I} 1} re} ( sere Tie ‘ floras Tie N 
Mi ire abuneant repre ern THemispher ind appear to ha 
1! rep itive hal ret ited) mat ent ( (i ersa ne othe * 
cli t hortl 1} \raucat hal radiate ! SOl litip 
ul mentioned. th ! e ire rep el 1) ! ‘ 
! 1) kitzrova i! i atter Cap to estab ‘ I ‘ 
tu hitzho the B Libocedrus \b v1 
and Po ) ech W ‘ 
Pract iI hot 1 now? the Ol to it) ype I 
history of the genus Fitzrova. Ther ound at t] Nea 
wn ¢ tin (‘| eu) ! n Ta The sy ( represe! eimewtlie 
mia al re | wi | I I { , 
0 ade the tvp . saeo ir ol { the ¢ 
monotypic genus. In view of the anti n-At , | Chil | 
ul it niferales | t iain Chul Santa O71 Ter 
t} l ill leu Wi ! ite iil \1 it ‘ , s Tl 
ort ia ¢ ect land n betwee) Ihe ! rere sf 
("| | astanla a eXplanatror , WI has be report 
of the pr nt-dav rat Mitzrova I Vi ! da 
The two fossil sp of Podoecarpus On the most striking fe 
at Rio Pichileufu bs ha ie this flora ic Ay 
wl n the modern ff is chara bisa () | , 7 
ferist Southern Pe phere uS 14 i! a soul \! 
the pu t! ! therr Its oe The ' : }) Lie} bitum, | 
lo } higas one been eluerdated St , Seba S 3 A 
alt! r} “appeal Nag YSIS NH ! \ ire 1) hope \ 
the Me flor t} Norther) \1 Vivre \ 
Hemisphere and tainly identified Res Phe y 
in the Tertiary of Kurop Its presences Tot Hera WIC , d 
-» Sonth America it probabil it West: Hemispher TI ire Z 
clat t| | vor ¢ tree a} \lom ( | I) 1, Ced 
‘ | ! ) ‘ n Soutl Traptel bat ria Mas ! ‘ 
Ame “ neloubt oncditioned phaiea Cupania Mia vba > 
iD tT ist reat ep movement Ni mara (dreodapht Vero 
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Notaphoebe ), Goeppertia, Psidium, are relative sma sucl Col 
Oreopanax, Bumelia, Allamanda, Eehi spermun or Cepha 
Tabebuia, Hoffmannia, Coussarea continuous distribution, and no two ha 
Rondeletia It will be noted that | precise the same veol histor 
4 venera, although not confined to These genera are CGoniopteris, As 

America, are nearly all equatorial lum, Dicksonia, Myrica, | Ano 


an—that is, thev are essentiall Berberis, Ivdrangwea, Cassia, Dalber 
American genera which have ex Favara, Salacia, Sapindus, Allop!] 
their range through the Antilles, (ISSUS Triumfett sterculia 3 
Central America, or have even Theria Tetracera Qhuratea (‘aseari 
d Florida (Zamia). The genera Cochlospermum, Mwy Ardisi: St 
enumerated, which may properly rax, SVN Pp LOCOS r hide l stl 
sidered essentially South Amer and Cephalant S 
ber 40 out of the total of 97 The venera = alrea 


1] per cent nthe Rio Piechileufu fh 


renera that Is, shel thy more for over 71 per cent. of those represents 


dition to this exclusively Ame This leaves 28 genera Than one 
ent tl ere ure >t) renera repre third of the tota ! thet berTweel de’ 
Which mav be classified rough! and 2 per cent why 
opolitan, or at least as verv wick been « { t { 
n modern floras of the warmer which mav have re 
tf the earth, and manv of whicl a different route \mon 1 
properly he considered An eran One That ~ OTe) The ’ ‘a 
other nativity Some of these sidered to be Asiat t} , 7 fF 
larve and old genera with a Fesides the new 
ontinuous distribution. Others nera there re 1] 
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LEN TIEF 
ba 


J 
| t r a) Vhs } t reapers ~ 
wort prvi’ e] | \"} mraceo ~ 
tists ound in South America and the 
Kast Indies and has at thvine species 
n the Canal Islands It ma he re 
marked that this apparent wide rang 
spl mibabl to be explained as a taxo 
planation 

It would be expecter that the Ri 
Pichileufu flora would show some si 
iit vit! thre Att il flora 1 there 
ve? i} basis for thre Weeenet and 
othe. } pnotheses ol ontinental cirift 
\s I have frequent tated, | can se 
Hid) ¢ (lel ( ror These ations ! ail 
of the Tertiary floras of South America 
These floras are quite as typ Sout! 
\ ey pa Thve press 1 fle iS «Of t} il 
ontiment mn addition 1 the wick 
a enera represented at Rio Pid 
eufu. whose sti ! tive nelle 
woth South America { Africa in then 
reumequatorial range, there ire but 
| enel } 1} ~ tli il \ > 
til relatives are ned to Soutl 
\! ! ' 7 Ath ! These ire Ker 
t} ry yn Troe} il Pa | and 
Luanne a ! 

The enera Eryvthre ol Priel 
l 1 Pa il hla are all iy renera While 
nh ¢ ti floras, are { Americal 
boiit in parime! representer mn OT dhe 
African Trop zr by a sin 

ahi ( 1 Thre aentil iit i! bye rt ec 

Te Pa i ! ( }y 

nm the Sancdw } Islay (one Wonders 
} 1) or mol ‘ Tyle i) SVS 
| pian a4 reine ! (ie l school 
1a } Oni iers That 1 ré nm Where 
i rowup ! t abuonelas s IIS OF nal 
( bie i ore moc seh 1! by 
ib hest ( ermip lites i) thie lite \\ 1) 
Matthew | vertebrat paleontolog =f 
who held that the re on of modern 
il } rhire Perret hye t re? i troy t hye 
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’ ’ SOUTCE ( ~ 
to the ¢ sion of the other Certa 
the ab init rial i? Not} Ay i 
| 
i Sapilinadace to WwW ! the 
Ps } a a>) ~ ‘ ) ) | thy 
ew 
hie ( th venus andolphia S 
tive S ind large West <A 
tiie Ss SDa ! represented } ~ 
(met most n Brazil 
At extended inalvsIS Oo t! ! 
flora an the habits at habit 
Those ( stil piants Wi ! vr 
SH) i! 1; tT} ~~ ( PS Kee ~ | 
ty ricer oy one tions Pot 
it the be ThIEE \l ene timmy 
ora } Tie ‘ } ert ’ 
example traces have b lis 
or vi } el — Tye } es <a) 
his Ke ’ {] NN, , © | 
hig C ’ ) | \ ( ms by 1 
x } 1 oy ty 
big tT} | Perl Ts ' ‘ ~ 
<¢ ’ The Tserry rie ‘ 
‘ tT ricle mre! ‘ 
1 nS 
Hie e) ra tT Ss 
’ thie t r) t, real orest re ’ 
uithern Chile, such as Ara 
rova, lam Libocedrus, Lon 
\Ivi nel |? | rpus h) 1 THIS \l 
ene | | ‘ ‘ the | 
\\ ! ( \ re nent 
‘ rie r 4 49 ‘ ; 
Ko 
he | ‘ Tite ( } } ~ ' 
fay \nicle } } loo } ha Wiara 
thy; , ‘ } t thy 7 hey - not 
hi mip hed by thre SI 
nortiaw ! | j ter lat \! 
} 11) \) ' rylilt ‘ rredc oO » 
ePDIS. witl ts lo Andean s} S 1 
ne altituce 14.000 or 15.000 feet 
( Tey } to Color bis by) “1 
How om Colom to Bo 
1; 4 ; mies ¢ 1? O00 et hy / 
wi nh reaches ae ! ! 





FAR AWAY AND 


d Schinus mo ly which I have 
the Peruvian Andes and whiel 
end much tarther north 
en genera are considered to 
Nearly half of the 


fruits. 19 being 


| 
Hatlas 


nave fleshy 

and 2O bacecate Genera with 

its number ZO. and genera 

red or pappus-bearing fruits or 
so 20 in number 

d assemblages like the fossil 
res us to go northward from 

devrees To the Arventine Meso 


Paraguay and southern Brazil 


ther way, it means that at the 
of Miocene times. because of 
ration oF conditions Many ge 

atorial America, which has re 


; 


he richest and largest area ol 


forest in the world, were enabled 

southward over what is now 

some of the elements vetting 
ird as far as Latitude 51° Sout! 
se the Andean backbone of Sout] 
»could not have been in existence 
time beeause the fossil flora is 


on both sidles ol this HATS 


SHOWING ABUNDANCE OF PETRII 
NORTHEASTERN 


LONG 


AGO 


pared with the exist 
ire the reatest conti 
a hav c to deseribe the 
ouvrapl ana « rhiaate 
ava plateaus and bi: 
“ut levels Tro >in) 
as the flat emerged 
Lowel evels a ipoyne 
the. IDS, See] , } ‘ 
Who | ‘ See} the 
\ires. At anv rate 1 
Ipitat ries te 
} hieee TY ’ at pratt 
| ~ The ¢ por i! ) 
cipitation ui the wt 
CSS \\V ( SWep atti 
short Will SCUSOT 
far better b ook 
! strations that 
ment It Ss qu te err 
1} } 1} ~ Tal 
Nort} America ‘ 
farther from the eg 
South America, and t 
vyonia Is so Inhospitabl 
that (Flasvow Le 


Tole 

iM ! 

} rt? 

—. | We 
\nt 

nat ti 

( (sx 
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Stockholm are farther north of the elevation in times geologically 1 


Ka ator t! ali Cape Hor IS south ot iT and lon rs ibsequent to the eari\ M ‘ 


is likelv to be foreotten. The fossil local that I have been deseribing How 
it on the Rio Piechileufu is almost in are these Miocene floras I have 
exact the same soutl latitude as meet anv one who has not laid his 

Bridgeport, Connect t IS In nortl on the altar in the Temple of Pale 
latitucl oev who, shown a foss does not 


In the accompanying text figure IT have first of all, ‘‘How old is it?’’ eve 


placed equal-area projections of Nort] Scrooge, confronted with the spi 
and South America side by side in re Christmas past, wanted to know 
versed positions to show the correspot long past?’’ According to the latest 
dence in north and south latitudes current fashion of estimating the ; 
Structural geologists have found out the earth by the seemingly precise 1 
that the everlasting hills are not nearly ods of atomic disintegration, the fl 
iS permanent as the seemed to the have been deseribine should have fi 
DsSall ST rol destro he rorees beat ished about 23) 1 On Vears ago 
against the high mountains like calum haps What seems so certain 1 
nies against human eminence, and if the Just as s a generation or two he 
eeological time seale S taken into ac Lord Kelvin’s classical estimates bh 
count both states are equally transitorm on the rate of cooling bodies and be 
Mountains are not permanent elobal man knew about radio-aetivity 
features anv more than coast lines I can never forget in this and s 
both are subject to ceaseless change Tl eC Situations al ssue of the Phi ST 
most that mav be said for mountainous magazine published bv that some 


regions is that they tend to be reju- ribald philosopher, Elbert Hubbaré 


venated again and again after being re at the time of the American visit « 
peatedly worn down, so that 1f we might Robart Ball—the astronomer ro 
borrow a phrase from medicine, we might published what purported to be the 
Sa that oOrovel tends to become chronie of arms of Sir Robert and with the 
tor certain regions Thus, the Andes, lowing superseription, “Thi olds ki 
one of the world’s ereatest mountain edge by the tail, and stands rea 


re ans. experienced their most extensive Shap hot it eoddam ead hoff 











SOME PHILOSOPHICAL REFLECTIONS OF 
A BIOLOGIST 


By Dr. R. E. COKER 


Oo} 0 0 OOLO 


INVASION OF PHILOSOPHY ain't never even b 


rAIN consciousness of personal in now mM » D 
in philosophic thought brings The immediate seq 
lan experience I once had in con isu : 
with a rabbit hunt on the Banks io rabbits }) 


Kort Macon near Beaufort, Nort] - rca Is! SU 


This isolated region, inhab < 
t hid vers 
n by only one human family 
> : Sita Dl! mi yy 
the sergeant in charge of the fort 
never passed evel } 
wh year become thickly popu 
: ’ . ne subye 1 ~ | 1) “ 
th rabbits, which in) autumn 
ai SO] \ ()) | 
be the object of a hunt, par : 
vitl most a 
in by a considerable party who 
. . ) we bag 1) 
cié scend upon the seene To eomb hie : 
1 | j s(] ~ } ) 
SOClal and perhaps COnVIVIa! I" 
: ; : a p 
es In one grand thanksgiving halt ¥ ' 
ery J \ ; ~ 
observance 
iti s | ln 
if these occasions, as | came , 
m the hotel in hunting toes, I was 
by an old fisherman, who asked 
pointedly what I thought I was — 
. «i i I 
do. When told, he inquired in a 
surprise and reprool i? | did lf ever 
w that the tide was on the ebb e5 
: “aly, i! I 
ves, but what had that to do wit! ds 
ng rabbits? ‘*Don’t you know.” er } 
‘*that vou can’t get rabbits when — 
. l \ separa \ 
s on the ebb, that they come out he territory 
d only on the flood tide?” I nenail : ’ 
'} le , 
ad understood that some fish are ve as mer Son 
d to feeding on the flood tide tate » nls ‘“ 
terrestrial animals such as the ne. but actu: 
Feeding on the flood. mv i eressive and s : ; 
rejoined in a most positive tone the new territory. not n 
versal among animals It is, he nfluence but actual don 
ned, a basic law of nature from tensive is 
abbits are no more exe mpt Thal fields (‘ay t hy m 
r mullet Then he added, svm there should he ay 
ally: **Ain’t it strange that you the p sop 
en to school and college, and I stand) 








lise pPrines Need biologs he lmmune 
against the modern ‘‘philosophization of 
SClenEt in the words eJasinowski ? 


THOUGHT 
ourselves now more directly 
first 


ibtless the 


thought of a philosophic nature that must 


a biologist provided 


with an audience and the tople ‘Philos 
ophy s that he and his listeners con 
stitute a gathering of masses of proto 
plasm, more or less shapely masses, eacl 


hiel 
n different parts 


manifests itself with a 


specialization 
mass and with marked individu 


the wholes The speaker has a 


protoplasm C base, and so has each lis 
tener What the speaker thinks and 
what he says is an expression of the ae 
tivities of some of the specialized bits 
OF protoplasm that form a part of his 
total organization As to the listeners 
their interest or lack of interest, their 
acquiescence or eriticism—all these are 


‘tivities of specialized bits of proto 


plasm, activities that in a good physiolog 


laboratory can be measured in terms 
There seems To 
that 


which 


of oxygen consumption 


me To he neo present escape from 


eonelusion the impheations of 


may command our attention for a few 


moments 
the 


oft 


It may he a stale quotation To 


pl ilosophers and tO others. but an 


quoted poem may serve a useful purpose 


In this connection 
here was a young man who said God 
Must think it exeeedingly odd 
rl t the svcan r tre 
Just ¢ ses to | 
When there’s no one about in the quad 
1 1 ! he thos yl vould question ' 
he matter cannot be argued here, but ther 
-“ I the best of reasons for b eving that it 
wis perl ips the first of the ‘« disciplines ’’ ™ 
which prehistorie knowledge was systematized 
ind | a in welfare i\dvaneed thro gh observa 
tio? experime ntation, inference and generaliza 
tion. with the generalizations sometimes quite 
incorrect ncomplete or even as doubtless are 
some of our current genera tions 
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The nature oT a por 


reply from the Almighty 


voung philosopher not to be eo 
about what micht happen To The 

+ » } | , 
more tree under hypothetical cond 


| 
because actually there was never a 


when a Supreme Beine was 


in the quad 

This answer might coneeivably 
Satisfaction to a theolo@ian o7 i pl 
pher, but it gives none to a zoologist 


this without reference at all to his } 


with respect to a Supreme Being 


zoologist sure that 


feels entire ly 


more tree that he and I s k l dl ky ) 
not be expected TO @XIST Tor any hye 
person not provided with an eve w 


eight-lavered retina. an nerve 


opt 


certain nerve cells In the brain al 


As a matt 


svcamore, as I know it, does 


in good working order 


fact, the 


exist for one of mv friends, wl 


tain defic 


eCTICICS oT the eve or 


brain: an Important part ol 


bright golden autumn eolor. 


not exist for him When only this 
is ‘‘about in quad’”’ the whole ti 


not there 


a tew dr 


You could give any 


. , 
Inks Or a Wwe known fluid 


other essential qualities ot the tree \ 


be lost—the single trunk, the sharp 


fined tw eS. eTC 


As a matter of facet 


} } 
ao not OUTSeLVeS. at Des see 


pletely because our organs of vision 


responsive only tO the wave-leneths 


hgeht that fall within a limited 1 
Sever now the optic nerves and a 


qualities of the tree, which we had | 


able to perceive through the eye, ar 
Assun 


one has suggested, fancitully 


although others may persist 


as some 
not altogether illogieally, that the 
waves could be slowed down, short 
and caused to impinge upon the eat 
sveamore would cease to be an 
against the sky, but rather a elatt 
sound or perhaps a piece of music 


thunderous erash of a tree in the f 
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trate t} e eorrecTness of 


rean and its associated nerve 
nd whv not the eolor and the 
r tree without the vertebrate 
eoretically, with proper adjust 
flasl 


could be a 


» fall of the tree 
rather than a erasl The reason 
t hear the lightning and see the 
IS possibly a mere matter or wave 
ver it may be with sound it 
e well known to every one tha 


, 
instate pressure into | tit (ine 


is tO press upon his eveball to 


f this state 


If we do not fool ourselves as to 


existence of the stars or flares 


Pe | ised by pressure upon the eve 


ere IS no more reason to fool our 


as to the actual existence of the 


rs or the architectural characters 


. ‘ 
ree gs muy a fhem some 


ves but not Just those thn os 


s not to sav that without a verte 


retina and cochlea there would be 


n the place ot the tree and the 


leaves Indeed, if there were 


quad only a grasshopper with its 


t} 


; 


nd visual organ, there would un 


llv be something where we find a 


1 | would surely he somet! ner 


s} ould not recognize as a sVca 


ee. If now you or T should con 


some other sort of eves In the 


any form of animal life, I 


othing to Say about that except 


at the objects envisioned would 
Peis reason that Mee Can Nee. he 
‘know asatree. Every bit of evi 


hat we have should eonvinee us 


e is not actually outside of the 
recisely such a thine as the tree 
) lured on our hrain cells Nor 


actually a brain cell such as we 


en in the laboratory except as the 


ives coming from the preserved 


cell under observation with the 


pe mM the laboratory affect the 


of our eves in such a Way as TO 


i ‘ red Ii} 
iSSUTI sintl 
which in turn respon 
to give us pietu 
hy iil 
Wi are le i TO The ' 
that a that we se i! 
fae mil t} nK a T 
sensariol we nave l 
? ‘ act 1 rie 
prot < S 1 . 
eeptn This as a ( 
The? Seems Th YT] re 
we ( ( l¢ 1 
eerth IS1O1 
aby t Se MSs recenp}l ~ 
brain ells or ab 
orn Sa result ! 
plas We il 
MroTtTOoOplas! I UST Thre 
irrive at the s\ ! 
t by yrs r} thre Swe Oo 
plasm ‘ Sel tl ! al 
1 } subjective 
ob 1 SEIS 
I’ IN rt ( 
Now, as I do not w 
iow? metapnyvs 
wh | , not ne?) 
" epitomize what | 
phvs | but rathel i? 
eal one 1 il ill 
of protoplasm, and 1 
sell Ss clea Col 
if \ wis! What | 
that ! oul iy ‘ 
and in all our intelle 
Th ob IS ann 
from which there is 
ever } he the eons 
InIverse the tll erst 
ot Tie biologist 1 


\ BIOLOGIST 


Oo 
tw 
\ 
\“ 
| 
ail 








that he mere steps into the confines of 
another cirele If he can free the mind 
rol protoplas Wil nh does not appear 
probable an he tree the mind Tron 
itself 

Bv way of parenthesis, let us note that 
there have been those who have con 
ceived of the mind as something cdetacl 
able from protoplasm Certainly, how 
ever, all efforts to effect the detachment 
In any particular case have proven rutile 
Just recently a vood Nort C‘arolinian 
| ne nm another state indertook the 
ave-old experiment of ti rto retain his 
spiritula and menta I ties Without 
meetin the demands of the protoplas 
mie base upon which they are thought 
to rest It was no surprise to anv one 
that his experiment failed after a long 
and paintul period of tria Should we 
Lil h at a man who had the courage to 
submit his sineere, and to him we 
bolstered. conviction to the eruecial test 
| Fi not Tt} } G4) how } Herre. | 
Wo ( | ( been howe el 1] he hac 
know) mist a little biols ’ I do not 

now | - 2 Ss Of mre to oTfhers Hl 
parent it did not occur to the experi 
mente this case that, with equal 
haietit to his convictions, he could have 
! cit The eXperl ent st as significant 
and conclusive within a period of five 
minutes and have saved himself and 
others the avo drawn out thro } 
weeks and months While attempting to 
looked entirely the tact that he was feed 
ne t sixteen Times evel minute If, 
besides Shutting off the s pplies ot pro 
tein and carbohvadrates, he had shut off 
The OX\ ren oS ppt us Wwe that Is TO 
Sa if he had tried to stop breathing 
he ould have learned within five mu 
tes whethe or not his } rnel PAcUITIEeS 
could survive without phvsical nourisl 
— 

The onelusion we have reached up to 
this point may seem trite to the philos 
opher, but it has seemed worth while to 
show how the conceptiol of a finite world 
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or Ti lo S ne iD ar? ec 
a onsideration of the biologwieal 
Ol nan and OF his thinking pre 
ser } ’ threo rv} il ISS dat 
Corse! a ‘ statement 
here mia ye SO ‘ who Wo 

1 , 
but onlv thoughtless I am sure 
the recognit n OF a limit to the 
bilities of ye etration mto the n 
| the nat re of the w rid ane mal 
Inhappy one see no basis wl 
for ad sceouravement? or cis SPO 
The adea ol i Tinite rite ectua 
low ma of us are concerned « 
how eS are nable TO escape Trom 1 
ret? Sphere wi ! Wwe 
adirecTilon Str tT ahea would Cl 
Dri is ba to the pot tro 
Wwe st rte , ¢! Witl a rnite s 
There Samp ! ! Lor % The yy. 
ations we need or wish to 

ri t ay “i of om >! S 
STeLTICE | S StS and mathe 

t rid) ¢ t t ol al LOSS | { 
Ie 1ISe ¢ 1 Ol eptiol OT 1 
erne VW } ! ec Space i 
PPS Th e 7 T One OF 1 ) he 
rienas cle sa spe | kind Ol ¢ 
from the belief tha frictionless bs 
ected be e fll na so-catied st 
ne would eventua hit hn 
hack of the en 

There seems to be enouch wit 
nite cosmos to « ipv to the f é 
vree the faculties of all the pl 
mt mathemat ims tha ti ea 
ikely to produce within an er 
time with wl h we need be con 
\WI ther should an one be dist 
by eonsideration of the Tact that, ! 
er nature of the pro Ss Of ODS 
ana thi Kine we are eceonfnil “| W 
mits wl | ire not e TO ral 
! our reTime ol even Ott desce} 
within al ol ears The 
we meet can hye faced Wit! lliall er 
No eneimeer weeps because | Cal 
ift himself by his bootstraps, | 
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surable an exercise that might con- 
be. Ordinarily, we do not like 
‘ircles, but there is no objection 
ircular path if the circle be large 
Such are the circles which we 
automobile, 
, steamship or airplane. And such 
the paths in which our minds must 


follow afoot, or in 





travel, whether we be biologists, mathe- 
maticians or philosophers. It is a fact 
every one knows, but regularly 


that if there were a perfectly 
‘straight’’ road from New York to San 
Fy sco, it would go far into the bowels 
earth; one would need no gasoline 

ast the first half of the distance 
lrawing nearer to the center of the 
, but the latter half would be a long 

hill climb, although straight! It is 
as a matter of convenience that we 
speak of straight lines in travel. Equally, 
s only for convenience that we speak 
reality in the world of thought. 
In our further discussion, let 
guided by the principle of convenience, 


y res 


us be 


1 let us treat of living beings and of 
‘ts just as if they were exactly what 

n practical life we conceive them to be. 
It is the only way we can treat them! 
[ shall not think of you as figments of 
the chemical activities within the pyram- 
ells of the cortex of my cerebrum, 

vou, I hope, will not look upon me 

vy phrasing of thought as a mere 
nightmare. We will as- 

sts sume ourselves and everything else to be 
ist as real as they really are to us. 
‘or all practical purposes, we can for- 


; 


oplasmie 


the limitations previously mentioned, 
igh they have a place somewhere in 
Let us 


en look at protoplasm as a real sub- 


background of our minds. 


stance and examine its character more 


SOME QUALITIES OF PROTOPLASM 
the first quality of protoplasm to com- 
1 our special attention is its insta- 
‘'y. There is nothing in the world as 
Ww it more eternally unstable than 
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While this 


characteristic of the substance, I doubt 


protoplasm is a well-known 


if it always receives the conscious recogni 
mpare liv 


} 


chemical sul 


tion it should have when we « 


ing with non-living stance 
when we assume, as we are naturally in 
clined to assume at times, that conceivably 
be able to take 
stances and combine them in such a way 


The in- 


we will non-living sub- 


as to produce living substance 


stability of protoplasm is not a mere 
example of the wearing awav of a sub 
stance in which energy has been stored 


in the past; nor does if appear TO he 


comparable to any ordinary reversible 


chemical reaction; nor even to an ordi- 
nary autocatalytic action (Gortner It 
is an instability manifesting itself in so 
that the 


future time has never been found to 


many directions condition at 
any 
be entirely predictable from a knowledge 
of the past. 

In respect to the origin of 


species or 


phylogeny we speak of ‘‘descent with 


modification.’’ In respect to individual 
lives or ontogeny, we may well speak of 
persistence with modification. We will 
return to this thought again. Suffice it 
to say now that it is simply inherent in 
protoplasm to be reorganizing itself at 
all times. Stability in protoplasm spells 
death. If protoplasm is ever synthesized 
in the laboratory, the chemist must not 
only find the right groupings of materials 
in an extremely complex system, which he 
may well be expected to do; he must also 
cet into that system, or find in it, this 
quality of eternal instability and some 
thing more which we will refer to in a 
little while The 
tion had in it at least a germ of 
ical truth! 

Possibly one can not always with cer 


Frankenstein concep 


biolog- 


tainty apply the qualities of the parts to 
the whole, but it 
adopt, at least as a working hypothesis, 


reasonable to 


seems 
the idea that instability will be a quality 
of any body made of protoplasm or of 
any combination of protoplasmic masses 
mbinations of 


As individuals we are ¢ 
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and, therefore, 
unpredictability 


protoplasmic 
both 
seem to become qualities of individuals. 


relig- 


masses, 
instability and 


Social groups, academic groups, 
lous and political organizations, all these 
are combinations of protoplasmic masses 
and therefore by hypotheses, at least, are 
possessed of the fundamental quality of 
instability. We that self- 
reorganization is an eternal quality of 


It is, then, not only in 


may assume 
any social group. 
line with experience, but also a safe and 
reassuring philosophy of life to recog- 
nize that there is no logical possibility of 
attaining a stable economic, political or 
intellectual system. Stability may be 
death to them as it is to their proto- 
plasmic basis. 

The 


protoplasm, which appears to be in some 


second fundamental quality of 
respects a paradoxical corollary of the 
first, is its approximate stability (or eon- 
Although 


pre ceSS of 


stancy living protoplasm 


is always In change, or at 
least possesses uninterruptedly the ea- 
pacity for change, it nevertheless man- 
ages to remain the 
thing. It would not be protoplasm if it 
did not change, but, with all its contin- 
uous reorganization, it manages to main- 


essentially same 


tain a relatively fixed organization or to 
proceed through a definite and roughly 
but not absolutely predictable series of 
conditions of organization. Any pro- 
toplasmic body might be regarded, as 
some one has said, as a vessel through 
which streams of matter and energy are 
flowing; but the matter and energy in 
passing participate in a definite organi- 
zation determined in great part by the 
The have an 
characteristically changing 


vessel.’ vessel seems to 
initial and 
organization; that prevailing at one mo- 
ment determines the organization at an- 
other, and soon. The embryologist and 
the student of regeneration might have 
and 
imme- 


1 Furthermore, the streams of energy 


materials flowing in have little 
diately to the amounts flowing out, although in 
the laws 


relation 


the long run there is no violation of 


of thermodynamics. 


much to say here, but we ean not 
further now i li that | 


into a dise 
ders on the metaphysical or that 1 


ussion 


bring us before long against the 
passable barrier that inevitably bounds 
our thought 

Parenthetically, there are _ probal 


some millions of different kinds of liv ° 
organisms in existence in this day ; eac] 
these kinds is made up of millions of r 
ognizably different individuals, and eve1 
the Prot: 

is apparently made up of thousands o1 
millions of different units of protop! S 
so that we arrive at astronomical figur 


individual, even among 


if we attempt to enumerate the nun 
of different protoplasmic units in a 
ity at the present moment, all w 
roing change, but remaining to a 

Gradual 


extent unchanged. reorgal 
zation, without loss of characteristic 
ganization-control, continues until, aft 
a shorter or longer period of time, char 
adaptive change, for some reason, 
comes impossible, when the protop! 
becomes stable and, aceordingly, Cases 
to be living protoplasm. This is the f 
of cells, of individuals, of species, : 
and of polit 


seemingly of societies 


and economic systems. Nevertheless 
somewhere and somehow life goes 

and so do societies and polities, I . 
seed that has been given off to sl 


flower and fruit, and to die after giv 
off other seed. 

The biochemist who manufactures | 
toplasm must, therefore, introduce 
his combination of materials both a « 
dition of instability and a condition « 
stability enduringly characteristic of 
particular protoplasmic vroduct, but + 
only through 


during indefinitely 


power of reproduction from _isol 
parts—parts that become self-continuing 
and self-reproducing wholes. 

The third quality of 
us now is its tnadequacy as 


Nothing, 


more useless for the maintenance ol 


protoplast 
concern 
basis of life indeed, eoul 
than protoplasm by itself. Its very ‘ 


stability demands interrelations W 

















or non-protoplasmie materials. 


ence notable for its conciseness, 
reduced the protoplasmic doc- 
‘*Protoplasm is 


seven words: 


sical basis of life.’’ However 
this statement fulfils the require- 
truth but 
not the whole truth. 


whole 


of being and nothing 
t is certainly 
isly, protoplasm is not the 
life, 
festation of life without something 


basis of since there is no 


lition to protoplasm. Free oxygen 
» equivalent is Just as necessary to 
s is protoplasm. All manifestations 
. as we now know them, are in the 
to the addition of 
, and other changes in the environ- 


ol responses 


Philosophers and biologists in 
al have recognized this truism and 
ress it in such terms as ‘“‘life is 
s the very responsiveness of pro- 
ism that must long, and conceivably 
ver, baffle the chemist 


i reconstruction of protoplasmic 


in the analy- 


or. I readily conceive of the com- 

analysis of protoplasmic substance 
the partial reconstruction of proto- 
behavior, but while keeping an 

If this 
vitalist, it is 


ind, I go no further now 
s to brand 


ily that judgement be reserved 


me as a 


s] while. 


ort 


(CHEMISTRY AND LIFE 

fe has a chemical basis and all the 
ties of living things, all the phe- 
na of life, the 


al reactions; at the very least they 


may be result of 
ar to be accompanied by chem- 
tions. It requires no argument 


nvinee biologists of 


present-day 
facts, although there may be dif- 
‘es of opinion in reference to the 
We may cite just two or 
facts which justify the 


itlons 
sorts ot 


just 


Statement made So far as 
tell from all observations, every 
life, 
emotional as well as bodily action, 


station of including mental 


ts in the production of certain chem- 





SOME PHILOSOPHICAL REFLECTIONS OF A BIOLOGIST 67 





ical products or wastes and in the de 
ind for iditional eh ! 
presumably for rehal ta ! 


provislol I ( SS S ti 
action. If this were not ¢ Lf e en I 
we have t further condition that most 
of what we have learned about the stru 


ture of protoplasm and its changes dur 


ing activity, physiological or embryolog 
ical, is based upon detectal nem il 
change WI at. for example, do we know 
about the mechanism of heredity, chror 

osomes, asters. chromomeres, ete.? Little 


more than what we have 


the differential results of cher ul re 
actions permitted to take place upon 
material representing a suecession of 


stages of cell division, maturation of 


germ cells, fertilization, ete 


| 
cells of different ages, when subjected to 


identical chemical treatment (fixatives, 


stains) gives us different end-products 


of chemical reactions; we see 


we ider TtllV as prop! ase, me 
The chemical treatment applied 


for all, but the end 


same nroduects are 
subject to arrangement in a series paral 
lel with the flow of time. We are bound 
to assume, I believe. that a series of un 


known chemical reactions were occurring 
in the protoplasm and that it was, of 
course, the changing che al constitu 
tion that conditioned the protoplasm to 
give the sequence of pictures that to us 
represent stages in mitosis, meios Ss, ete 
What we ky ow, the ! revard to the 
series of activities is verv largely what 
the chemical reactions have permitted us 
to see. Corroborative evidence from ob 
servation of living material convinces us 
that the chemical evidence is authent 
Assuming, then. as we well may. that 
all the manifestations of fe have a 
chemical basis, it might see theoreti 


cally possible to } ope for a Time wl en the 


pl enomena of protoplas ma submit 
to col plete interpretatiol 1? cher al 
and physical terms, when a book of for 
ulas, figures and expressions denoting 
atomic and molecular orga tion, nice 
balanced reactions and diffu I and 
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might answer as a text- 


book of embryology or phy siology. While 


osmotic rates 
no one would be so bold, at the present 
the possibility of 


time, as to suggest 
such a realization in the lifetime of any 
that of our im- 


may be sugges- 


one now living, or in 
mediate descendants, it 
tive to take a brief glimpse at the magni- 
tude of the task. 

In the first place, it should be under- 
stood that up to the present time not one 
single organic activity has been reduced 
Let 
with a 


to chemical terms. us assume that 


tank million 


free-swimming oysters, all at the stage 


we have a young 
when they should have settled down to 
the sedentary and steady life that well- 
behaved oysters are supposed to lead. 
In our experimental tank, however, they 
merely swim about in a seandalously ir- 
responsible manner, getting nowhere and 
doing good neither to themselves nor any 
Some one adds a trace of cop- 
penny into the 
tank, and the oysters promptly settle 
down, staking claims, as it were, to small 
areas on the bottom or sides of the aqua- 
rium where they will embark individually 
upon model careers of oyster life? A 
normal behavior pattern has been inter- 
rupted for lack of the proper quality of 
a particular chemical element. Once 
this is supplied, the behavior pattern is 
completely restored. 

But now let us suppose that the trace 
of copper had been added ten hours 
sooner, at two o’clock instead of at 
twelve. Would the oysters have settled ? 
Not at all. In the course of the develop- 
ment of the oysters, between two and 
twelve o’clock had oceurred. 
Predicate, if you will, that these changes 
were of a chemical nature, and reducible 
theoretically to a series of complex for- 


one else 


per, as by dropping a 


changes 


mulas leading up to a formula or com- 
bination of formulas, applicable at the 
the introduced to 
radical the mode of 


moment was 
effect a 
life 

2 Alluding to 
Ecological Monographs, 4: 


copper 
change in 


work of H. F. 
47-107. 


Prytherch, 
1934, 


that there were 
thousand cells in the oyster at the sta 
of the 


ment 


Now if we 


assume 
beginning of our second 
that 
were a thousand protoplasmic units 


and within each cell the 
the form of genes, mitochondria, plas 
somes, protein molecules of nuclear a 
cell membranes and other components of 
the cell, we have a million or more POs- 
sible chemical agents in each larva. It 
may be a theoretical assumption, but 
seems a fairly reasonable one, that t! 
this 


more biological units were performing 


greater proportion of million or 
some sort of essential activity at least 
Without involving our- 
tec! 
nique, we seem to have arrived by con- 


once a second. 
selves too much in mathematical 
servative procedure at a conclusion that 
some billions of chemical reactions must 
have taken place during the period of a 
few hours between the beginning of the 
observation and the time of settling. I: 
short, to explain in chemical terms tl. 
activity that was precipitated by the in- 
troduction of copper into the tank, wi 
need to lay the groundwork by follow- 
ing a billion or more preparatory actions 
No doubt many of the chemical reactions 
concerned are duplications, but there is 
still every reason to believe that the d 
versity in the fundamental protoplasn 
activities and chemical reactions is ver 
great and great enough to justify the 
present argument in principle, at least 
The difference between the biochem! 
problem here and the ordinary problem 
in the chemical laboratory merits some 
thoughtful consideration: The time el 
ment, which figures, of course, in every 
chemical reaction, plays a so much greater 
and more significant and baffling part 
the biological problem. This, of course, 
offers a whole field of thought and spe 
lation into which we must not enter at 
Obviously the task o! 


y 


the present time. 
reducing the development of the larvae 
to chemical terms assumes the appear- 
ance of an exceedingly formidable one 


i To be concluded) 





INBORN RESISTANCE TO INFECTIOUS 
DISEASE 


By Dr. LESLIE T. WEBSTER 


LABORATORIES OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, NEW YORK, N. ¥ 


Wnuy are certain individuals spared This theory of the epidemiologist has 
‘ing epidemics of infectious disease? now been subjected to an experimental 
The ancient notion stressed by Hippoe- study in the Rockefeller Institute ac 
rates was that some are endowed with cording to new methods designated ‘‘ex 
a greater constitutional resistance than perimental epidemiology.’’ Populations 
hers, and to-day practising physicians of animals, usually mice, are assembled, 


I 


| regard certain families and individ- some epidemic-producing organism is 
ils as differing markedly in their abil- introduced, and the subsequent spread 
to ward off prevalent infection. of infection studied under relatively 
The epidemiologist, however, has, for natural and yet partly controlled con- 
» most part, neglected this early theory ditions Events are observed which 


concentrated his attention upon the closely parallel those occurring in human 
» of the inciting agent—the bacterium epidemics, hence an opportunity is af 
‘the virus. His findings have come to forded for the first time to study di 
the basis of the current theory of rectly the question of what causes epi 
demies, which is briefly summarized demics and especially why certain indi 
follows (Text-Fig. 1). At the outset viduals are spared during epidemic times 
an epidemic individuals in the popu- and others are not 
tion are supposed to have a uniformly First, it developed that the virulence 
w resistance. The epidemic is caused of the agent is not a fluctuating but a 
resumably by the sudden or gradual fixed property during the course of epi 
rease in virulence of an organism al- demics. Second, it was shown that popu 
ly present in the community or by lation resistance could be altered experi 
importation of an already highly mentally and that such alterations incited 
lent agent. The unfortunate indi- or terminated epidemics in a 
als who succumb or contract a se- manner. Moreover, this kno 
form of the disease are supposed to ders the above current epid 
» encountered by chance large quan- untenable and offers a n 
ties of these virulent organisms. The planation on the basis 
lemic is terminated according to this maining assumption 
ry by a decrease in virulence of the dividual resistance 
isative agent and by an immunization The ‘‘experimentally developed’’ the 
{the remaining population constituents. ory states that an epidemic is caused by 
is immunization presumably takes an agent of high yet stable virulence in 
ce in those who by chance have en- troduced from without or by a general 
intered only small doses of or less lowering of the average level of resis 
lent organisms and hence have con-_ tance to the agent already present in the 
ted a mild disease or hidden infee- community. This lowering of popula 
and thus developed a specific pro- tion resistance is followed by multiplica 
ng mechanism. Such an epidemic tion of the causative agent in alread) 
ascribes the fate of the individual infected hosts and consequently an in 
to chance. crease in amount or dosage of the agent 
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to which the cor at large is ex- 
This 
immediate cause of the epidemic whether 
the agent 


already present within the population 


munity 


increase in dosage is the 


posed 


is introduced from without or 
Also in either case it is assumed that the 
individual constituents of a population 
differ widely in that those 
who first succumb or contract severe ill- 


resistance, 


ness do so because at the outset they 
susceptible, and that those 
who escape entirely or with minor ill- 


were most 
nesses do so because at the outset they 
were more resistant. The epidemic curve 
is thus assumed to describe the differences 
in resistance of individuals and the aver- 
age resistance level of the population to 
the disease-producing agent. 

To test this assumption that individu- 
als do actually (A) differ in inherent re- 
sistance and (B) succumb or escape an 
epidemic according to this initial re- 
sistance has been a matter of 15 years’ 
study. To settle the first point required 
selective breeding experiments for some 
twelve to demonstrate the 
second point epidemiological experiments 
for the first time with 


cenerations; 


were carried out 


individual animals whose initial resis- 
tance was known and predictable. 
(A). If an individual succumbing 


early in an epidemic is regarded as being 
inherently (rather than 
more unlucky) than the individuals who 
escape, it must follow according to genet- 


less resistant 


ics that its progeny must likewise be less 
resistant. By experiments on some 500 
individuals it found that those 


succumbing early in epidemics actually 


was 


bear progeny more susceptible than those 
which escape. Thus our assumption be- 
came established that individuals differ 
profoundly in their inherent resistance 
to a given infection. 

(B). To test whether certain epidem- 
ics are due to fluctuations in population 
resistance and whether those individuals 
who escape are those most resistant at 


the outset, populations must be made up 
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DIAGRAMS REPRESENTING MECHANISM OF EPIDEM 
TO CURRENT (FIG. 1) AND EX 


(FIG. 2 


ICS ACCORDING 


MENTALLY DEVELOPED ~) THEORIES 


of individuals whose resistance is know 
This has not been possible until pure-bred 
lines of mice of known and uniform 
sistance were developed. From the pr 
eny of resistants and susceptibles des 
eribed above, however, (A), conti! 
inbreeding and selection have been pr 
tised for fifteen generations until now 
lines of mice are at hand, generally indis- 
tinguishable except that one is 10,()0)! 
times more susceptible vo a given inft 
tious agent than the other. With differ 
ent proportions of these resistants and 
susceptibles, various populations hav 
been set up and a natural infectior 
lowed to spread with the following resu!ts 
If the population is comprised wholl) 
resistants, no disease or epidemic res 


If the population consists entirely of 


S 














NR on 
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ptibles, an explosive epidemic oe- few are controlled—hence they are sub 

fatal to nearly all. If the resistants ject to a limited interpretation. The 

susceptibles are combined in dif- present discussion is confined, therefor 
proportions and daily increments to those human infections whose nature 
h are added, the severity of the and specific agent are fairly well recog 

emice depends entirely upon the num- nized 

of susceptibles and, with very few First of all, there are human infections 


ved (Text-Fig. 3). The survivors of during a given year. These, of which 

given epidemic are almost entirely tuberculosis is an example, are associated 
se individuals known at the outset to with causative agents whose virulence 
inherently resistant. No acquisition under natural conditions apparently re- 
specific immunity on the part of the mains stable. Their relatively high in- 
selective 


eptions, the susceptibles alone are in- whose prevalence fluctuates but little 


ery occasional surviving susceptible has cidence in winter and their 

observed. incidence appear to be due to differences 
Applying an experimentally developed in the seasonal resistances of popula- 
lilferences in re 


eory of epidemics to human epidemi-_ tions and to individual d 
cy involves certain difficulties. First, sistance 


is hazardous to reason by analogy from The fluctuating or epidemic infections 


tificial experiments to field observa- of man may be divided 
ns, where so many unknown and per-_ those which are blood-borne, food-borne 
ps uncontrolled variables are involved. or air-borne. Those which are blood 
for 


crudely into 


e experimental theory, however, rests borne—yellow fever and malaria, 
data gained from a controlled study example—usually arise from infected hu 
six native animal infections observed man beings or animals whose blood has 


er conditions as closely approxi- contaminated some insect vector following 
ng nature as possible. Again, the bite. This insect vector in turn pierces 
ts of human epidemiology have been the skin of man and introduces the in- 
ned under circumstances in which  fectious agent into his blood stream. The 


iny variables operate and relatively prevalence of these infections fluctuates 
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markedly and epidemics occur of world- 
wide proportions. The infections occur 
chiefly in warm weather and curves of 
incidence parallel those of prevalence of 
the insect vector and of temperature and 
That is to say, warm weather 
determines the insects, and 
the number of the 
available dosage of the infectious agent 
and consequently the number of human 


humidity. 
number of 


insects determines 


eases. The selective incidence among in- 
dividuals depends upon differences in 
their resistance following exposure. 
The food-borne infections of man—ty- 
phoid and dysentery, for example—arise 
from the ingestion of food, water, milk, 
ete., to the 
harbored by man 


These diseases are most 


which causative organism 


has gained access 
and multiplied. 
prevalent and become epidemic in trop- 
ical and in weather. 


Under these circumstances the causative 


climates warm 
agent is best able to multiply in contami- 
nated material. The quan- 
tity of the agent or dosage available to 


inerease in 


the population is the immediate cause of 
the epidemic. 


Finally, there is the group of air- 
borne infections—pneumococcus pneu- 
monia, meningococcus meningitis, for 


example—which are transmitted directly 
from man to man by contaminated naso- 


pharyngeal secretions without the inter- 


vention of any further vector. They 
are most prevalent in cold climates and 
cold weather and there may assume 


epidemic proportions. Some condition 


acting directly upon man increases car- 


rates and henee dosage of disease- 


rier 

producing organisms available to the 
general population Most probably these 
unknown winter conditions reduce the 


resistance of the general population, since 


deaths from all causes are most numerous 
at this 


And differences in indi- 


time. 
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vidual resistance again appear to deter. 
the 
fection. 
Altogether the experimentally 4d 
veloped theory of epidemies fits the facts 
of human epidemiology better than th: 
hypothesis of fluctuating virulence. _In- 
deed, perhaps a crucial test has been the 


mine selective incidence of the 


successful combating of the blood- a) 
infections through a direct 


the dosage factor, that 


food-borne 
attack upon 
the control of insects and food and water 
contamination. 

If the fate of an individual 
epidemic times depends not upon blind 
chanee but upon this initial 
efforts to analyze and increase that resis 
tance fundamental importance 
to preventive medicine. Thus far it 
pears that the basic inherent resistance 


during 
resistance 


are of 


infection is } 
so much the 


entry or blood stream as in the spe 


an animal to a given 


manifest at porta 
tissues to which the agent has a spe 
predilection. Thus, in St. Louis e1 
cephalitis infection of mice, the nas 
portal of entry of resistants or suscept 
bles is equally receptive and the b 
stream of both antibodies 
But once the virus reaches its tissu: 
choice, the brain in this case, it multip 
rapidly in and destroys the brain of 
susceptible, while in the brain of th 


contains no 


nately resistant it gains a transitory { 
hold and little or no 
Finally, studies now under way indi 
that the level of 
herited can be altered by many envir 
mental factors, entirely aside from 

cific vaccines or sera. Not the least 
these factors, for examonle, is diet. 


causes damage 


resistance which is 


ward a better controlling and enhan 
of the resistance levels of populat 
and of individual man studies are 1 
directed. 














MISTLETOE IN LEGEND AND 
le. IN SCIENCE 


- PRESENT-DAY customs involving the use 
he mistletoe as a decorative plant during 
‘ Christmas season had their origin in 
“ nt legends and beliefs which still 
; prevail in Europe and America among 
" simple folk. The strange appearance of 
Y plant together with its comparative 
) reness in the northern part of its Euro- 
; in range no doubt contributed to the 


' belief in its great potency as a general 
inacea for all ills, including its power 
to cure barrenness in women and cattle. 
Anything so universally ‘‘good’’ nat- 
found a place in the customs 
entering about the joyous Christmas 
n. So began the custom of hanging 


mistletoe, with other evergreen plants, in 


ratty 
SPaSi 


minent places as a decorative for the 
Though many of the 
this plant have 
en largely forgotten, the youthful folk 
that 


Ininvited | ? 


day season. 


} ‘ 


) eTs accorded 


once 

ever forget mistletoe is an excuse 

kissing. 

The admittedly pagan origin amongst 
Druids of the magical beliefs con- 

resulted 

rred by the elergy from churches even 


ng mistletoe in its being 


r decorative purposes. This appears to 
have been true particularly in England 

ng the past’century. Its general use 
= and acceptance by the people of all Euro- 

pean countries and of America, however, 
has served to keep alive the customs of 
which the significances have been for- 
Fancied 


nerous 


properties were 
made for 
internally 


medicinal 
the 
Decoct ions 


claims 
taken 


among 
. ; i] PLOe 
appl 


affant 


plied externally were believed to be 


ve, variously, in the cures of itch, 
debility, 
eakness of vision, cramp, wounds, sores, 
ad infinitum, to draw ‘‘humours 

m the deepest parts of the body,’’ and 
No 
were the superstitions 


convulsions, general 


PT PY , 
) PSY, 





ser 


ve as an antidote for poisons. 
prominent 
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Was eredited 


attached t It 
with insuring success in hunting, 


» the plant 


and an 
amulet of its leaves served as a safeguard 
against all evil 


The more recently discovered facts 


concerning this odd plant are no less 
interesting than these beliefs which we 
now know to be untrue. The common 


name mistletoe is applied to many of the 
numerous species included in the family 
Loranthaceae, which is comprised of over 
hundred 
More commonly known, how- 
ever, are the genera in the Old 
World and Phoradendron the New 
World In Europe V ise um album L IS 
known as the common 
curs throughout the Continent, 


twenty genera and _ several 
species. 
Viscum 
in 
mistletoe and oc 


except in 


the Far North, and in temperate Asia 
Likewise well known is the red-berried 
mistletoe, or Vise um cruciatum Sieber, 


which in rtheastern 
Africa and Syria. 


that legend ridiculously derives the wood 


occurs Spain, mn 


It is from this species 


which comprised the cross on which 
Christ was nailed; ridiculously, because 
the plant produces no wood sufficiently 
large and strong to serve as a staff, much 
less a structure to support a man 


—_ 
~) 


When early explorers brought t 


rope specimens of American mis 


these were deseribed species oT V , 


is 


ernized 


cum, but subsequent students ree 


the generic distinetness of the Old World 


and New World mistletoes and segre 
gated the latter under the genus Phora 


dendron. No American species of V 

cum are known and likewise no Old 
World species of Phoradendron In 
America the most widely used mistletoe 
is Phoradendron flavescens (Purs!] 

Nutt. This plant occurs as far north as 
New Jersey, west to Southern Illinois 
and Texas, and south to Florida. On the 


West (‘oast if iS represented by the re 
lated P. villos Nutt Bot! 
these rather prominent 


green leaves and persistent white berries. 


species “um 


have 


species 
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V ise Mm album 
little diffi- 
imagination 


They so el resemble 
of Europe that it 


culty and 


sely 
was with 
scant need for 
that early European colonists in Amer- 
lca accepted the American mistletoe as 
identical the 
plant, and transferred to it the beliefs 
and had built up 
around the mistletoe of Europe. 
Mistletoe is deseribed as a semi-para- 
site. It the form of a shrub 
on the branches of various species of 


with familiar European 


eustoms which been 


crows in 


trees. Its connection with its host is in 
the form of a root-like 
structure which penetrates the host tis- 


haustorium or 


and establishes a eommunication 
between the vascular tissues of the host 


Thus it 


sue 


plant and those of the parasite. 


secures water, minerals and elaborated 
food material from the host. At the 
same time the mistletoes (at least the 


commonly known species) have large 
green leaves and green stems by means 
of which they are capable of carrying on 
photosynthesis and elaborating their own 
food That the parasite de- 
pletes the host’s food material is evi- 
denced by the stunting of infected host 
branches beyond the locus of infection. 
It has been demonstrated (unpublished ) 
that a heavily infested tree kept divested 
of its own leaves can not subsist on the 
food elaborated by the parasite. This 
would indicate that there is little if any 
movement of food from parasite to host. 


materials. 


Investigation has revealed that the cell 
sap of the parasite has a much higher 
concentration than that of the host tis- 
sue. This acts as a deterrent of the 
movement of water from parasite to host. 
At best it is a bizarre plant upon 
which we have heaped the significances 
of legend, healing and eustom. 
CorneELIus H. MULLER 


COMMON USES OF PLANTS FOR 
CHRISTMAS DECORATION 


ComMING as it does in midwinter, the 


Christmas season has oceasioned the use 
plants 


of those indigenous evergreen 


tO the Consid 


coineidence 


people. 
also the that 
plants were thought to have remar 


available 


some oft 
curative and even magical powers 
that some of them 
as symbolical objects 


not surprising 
early chosen 
have persisted as pagan elements 

celebration of Add to 
the esthetic appeal of green leaves 


Christmas. 
bare winter and persistent white 
bright red or yellow berries, and on 
readily understand why their use 
continued to the present day. 
Mistletoe 
white berries is known to us as a sym! 


with its green leaves 
of Christmas, as has already been 
No less significant are holly ar 
fir (Christmas trees The Tannenda 
(Abies pectinata DC. of early N 
Christmas celebrations has been ere 


seribed. 


with having suggested, by its er 


use of candles 
Sinee the 
setting up Christmas trees 
with Christianity, the custom nat 

has come to lands where fir trees ar 
to be found. There, any substitute s 
gestive of fir has been employed, and t 
other such as Pu 
Pseudotsuga, Juniperus and Picea, 

Lacking 

species, evergreen oaks have been press 
Southwest, or 


young cones, the 


Christmas trees. custom 


has s] 


Gymnosperms, 


been most sought after. 


into service in our 
evergreen tree or shrub which is read 
available. 

Holly (Ilex aquifolium L.) 
magical and therapeutic reputation s 
ond only to mistletoe in early Euro; 
beliefs. For the same reasons it, to 
come to be Christn 
The hollies number many species, but 
spiny-leafed European holly with its r 
berries serves as the type for Christn 
decoration. Of the several Amer 
species, Ilex opaca Ait. most closel) 
sembles the European species. For 1 
sake principally of their numerous 
berries, Ilex verticellata (L.) Gray 
Ilex decidua (DC.) Walt. are mucl 
Their 


enj< »\ t 


associated with 


in America. leaves are sma 
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and, in the latter species, 


Of less significance and of diminishing 
n account of conservation programs 
yus species of clubmoss (Lyco- 

m These serve principally as 
Both 


are 


s for the making of wreaths. 
European American species 
intly gathered for this purpose. 

| customs have occasionally arisen 
iwh the lack of the older, accepted 
nt materials for Christmas 
Thus, in the Southeastern United 


decora- 


States the so-called Spanish moss (Til- 
a member of the 
apple family which grows pendant 
used in 


a usneoides L. s 


m the branches of trees, is 
rge quantity for Christmas decoration. 
somber gray hue of this dreary- 
- appearing plant (though it is often dyed 
rreen for Christmas use) seems not to 


| the gaiety of the season’s mood. 
CorNELIUS H. MULLER 


ri FIRE-RESISTANT CHRISTMAS 
TREES 


sug \ tree is a serious fire 


CHRISTMAS 


it hazard. The risk is especially great 
where a large tree is used at a public 
har gathering place such as a school or 
hes hurch. A living tree draws up water 
»SSt | dissolved mineral matter from the 


through its roots. If the stem or 
the off above the 
ground and the cut end placed in water 
while the tree is still green, the stem re- 
s much of the water-absorbing power 


tree is cut 


La! runk of] 


peal [ the roots, and the eut end takes up 

has relatively large quantities of water. This 

mas water-absorbing power permits the intro- 

tt duction of dissolved substances into the 

3 re tree after it has been cut. These circu- 

tmas ite through the tree and are carried into 
ne lollage, 


Certain chemicals are able to render 
id, pine needles and other flammable 





r iterials resistant to fire. Ammonium 

| sulphate is about the best fire-resisting 

us material. It is cheap and effective, and 
co } 


purchased from any seed store 


and from most hardware stores { 
cium chloride is also effective and cheay 
but not so readily obtaina ( as al 
monium sulphate. In add to its 
fire-resisting properties, ca im chloride 
helps to hold moisture in the foliage and 


prevents the needles from dropping. If 


ecaleium chloride is substituted for am- 


monium sulphate, the same proporti ns 
should be used 


Christmas 


The method for making 
tree less flammable is as follows: 1. Just 
before treating, cut off the end of the 


stem, preferably at an oblique angle or 
in a V shape, in order that the chemical 
solution may have free access to the fresh 


ut end. 2. Weigh the 


This will 


wood at the ¢ tree 
and divide the weight by four 
the the amn 


phate needed. 3. Dissolve the 


vive weight of onlum sul- 


ammon- 


ium sulphate in water, using one and a 


half pints of water for each pound of 
ammonium sulphate, and place the solu 
tion in a glass jar, tin pail or earthen 


erock. A narrow-mouth container is pref 
erable because it lessens evaporation of 
the solution 4. Set the tree in the solu- 
tion in a coo! place and leave it there 
until it absorbs the solution For best 


results the treatment should be given at 


a moderate temperature—5 to 65 degrees 
Fahrenheit—before the tree is placed in 
solution 


when the 


a warm, dry room, because the 
is not taken up satisfactorily 
atmosphere is warm and dry 

It should be strongly 
the degree of fire resistance depends upon 
the amount of the solution taken up by 
the tree 
should be absorbed before the tree is used. 


en phasized that 


For best results all the solution 


If the tree has been cut for too long a time 
it will not absorb the solution and conse- 
quently can not be made fire resistant by 
this method. 

A word of caution should be added. A 
tree may be fire-resistant in the sense that 
it can not be ignited by a match of electric 
spark, and yet may catch fire from a large 


flame near it. It is customary to spread 
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a layer of cotton under the Christmas 
tree to imitate snow. If this cotton 
should catch fire, it might easily ignite 
even a treated tree, therefore, decorations 
on or about a tree should also be treated. 
MARTIN LEATHERMAN 


MORE MOONS OF JUPITER 

Dr. SetH B. NicHouLson has just re- 
ported to the Carnegie Institution of 
Washington the details of his discovery 
of last July of two hitherto unknown 
moons of Jupiter, numbers X and XI. 

Four moons of Jupiter were discov- 
ered by Galileo in 1610 with the first 
telescope ever turned toward the heav- 
ens. These moons are from 2,000 to 
3,200 miles in diameter, and so bright 
under favorable conditions that they 
eould be observed with the unaided eye 
if they were not lost in the bright light 
we receive from the planet. The satel- 
lites just discovered by Dr. Nicholson are 
only a few miles in diameter, possibly 
four or five, and they are only one two 
hundred thousandths as bright as the 
moons discovered by Galileo 300 years 
ago. They are so faint that it will not 
be possible to see them even through the 
giant 200-inch telescope which is now 
under eonstruction in California. Dr. 
Nichclson found them by long-exposure 
photographs taken with the great 100- 
inch reflector on Mt. Wilson. 
No satellites of Jupiter were discov- 
ered from 1610 until 1892 when Dr. E. 
E. Barnard found a fifth with the 36- 
inch telescope of the Lick Observatory. 
This is a small satellite about 100 miles 
in diameter and so close to Jupiter that 
its period of revolution is only twelve 
hours. Dr. C. D. Perrine discovered two 
additional satellites by photography, one 
in December, 1904, and the other in 
January, 1905. These are very small 
moons, probably between 20 and 80 miles 
in diameter, and revolve at distances 
from the planet of more than seven mil- 
lion miles. An eighth satellite was dis- 
covered by P. Mellotte in England in 
1908, also by photography, and a ninth, 








by Dr. Nicholson in 1914. The eig 

and ninth satellites revolve ar 

Jupiter at distances of about fifteen n 

lion miles in periods of about two y 
There is much more to these dise 

ies of Dr. Nicholson than merely addi: 

two new moons to a planet whic 

already known to have nine. Eight 

the eleven moons of Jupiter, including 

one of those recently found, rey 

around the planet in the direction 

which it rotates on its axis and rey 

around the sun. The other three sat 

lites revolve in the opposite direction 

at about fifteen million miles from t 

planet and in orbits that are highly * 

clined to the plane of its equator. T! ' 

retrograde sateilites have a bearing up 

the problem of the origin of the planet 

and the satellites, and they have pos - 

problems that so far have not bee 

swered. It is interesting that the 

and theories of modern science ar 

interrelated that our conclusions res} 

ing the origin and early history of 

planet on which we live depend 

properties of the motions of barre 

lifeless little bodies which at their 1 

est are about four hundred million m 

from us. 


SUPERGIANT “NEW” STARS 
‘*New’”’ stars, called Novae by ast! 
mers, are stars which for some r 
blaze out suddenly within a day or t Oh 
rising to a brillianey exceeding the 1 
mal by perhaps a hundred thous 
fold. And almost as mysteriously, t 
novae within a few days lose mu 
their luminosity, and decline wit! 
few months almost to their origi 
brightness. 

Novae have played important roles 
the history of astronomy. It ts bel 
that Hipparchus (about 160-105 | 
made his catalogue of 1,080 stars, 
first star-catalogue ever construct 
because of the sudden appearance 
brilliant star where none had previous: 
been seen. Possibly the Star of Bet! 








Ig hem was an unusually bright nova. 
Poul Certainly a never-dying interest in 
a Mm st my was aroused in Tycho Brahe 
years hy ‘‘new’’ star which appeared in the 
cover constellation Cassiopeia in 1572, and 
dding which for a time was as brilliant as 
Was Venus. In 1604 a similar and nearly 
ht of s bright nova appeared in Ophiuchus. 
ading In 1901 a very faint star in Perseus 
‘volt suddenly became as bright as any other 
ma in the sky. In recent years, exceed- 
rolves gly distant, and consequently not very 
sate bright, novae have been frequently re- 
n, rded by photography. 

at \stronomers have long been puzzled 
y! by the explosive increase in the rates of 
hes radiation of novae. There is no known 
upot method by which their energy can be 
anew transformed into radiation on such an 
oon enormous scale, for during their periods 
. of great brillianey novae are truly giants 
racts in light-giving power, exceeding by far 
re § all ordinary suns such as our own. Be- 
pect. fore astronomers had become accustomed 
to the amazing properties of these giants, 
they were astounded and bewildered by 

the discovery of supernovae, which ex- 

| ‘ed common novae in brillianey as much 
mics as common novae exceed ordinary suns. 
rhese supernovae have not been observed 

M within historical times in our own galaxy 
f billions of stars, but in distant galaxies 

so far away that light requires millions 

f years to come from them to us. 

i Dr. W. Baade of the Mt. Wilson 
Observatory has just reported in the 
lstrophysical Journal on the eighteen 
supernovae so far known. On the aver- 

| ; age, each of these eighteen astounding 
ts at its maximum brillianey poured 

7 radiant energy into space at a rate 
ling that of the sun a hundred mil- 

‘ times. In some cases, at their max- 

24 ma, they radiated more energy than all 
7 er stars of the systems in which 
ippeared. If a supernova should 
7 ppear In our own galaxy, it might 
, y give us more light than the full 


Pe rhaps, the n. astronomers would 


to determine definitely whether 


Se Ne ne 
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the 


origin in 


mysterious have their 
the 


suggested as 


cosmic rays 


Supernovae, as has been 


? 


one of the possibilities of 


their source. If our sun should become 


a supernova, or even a common nova, 
which is very improbable,—well, then 
the publication of the ScIENTIFIC 


MonTHLY would be permanently dis 


continued 


F. R. M 


REEFS OF SODIUM BICARBONATE 
THe ‘‘rock candy mountains’’ of the 
hobo song are approached in actuality by 
discovery of thick reefs of baking soda 
buried in the earth, perhaps the first of 
nature. It 
has just been identified by Dr. William 


this material ever found in 


F. Foshag, Smithsonian Institution cura- 
tor of mineralogy, from cores brought to 
the surface from depths of about 300 feet 
under an ancient California lake bed. 
Used by housewives and dyspepties for 
generations, sodium bicarbonate always 
has been a manufactured product, made 
from a base or ordinary table salt by a 
complex chemical process. A few years 
ago, came the first reported discovery of 
any of the natural mineral 
tified, perhaps in error, by a 


It was iden- 
British 
geologist in a chemical analysis of en- 
crustations scraped from the wall of an 
ancient Roman aqueduct near Naples 
It was declared a new mineral and given 
a name. 

Some doubts have been thrown on this 
discovery by further tests, so that the 
Foshag may 


It was 


material identified by Dr 
be rated as an original discovery 
found bed of Searle’s 


Lake, known as a 


under the dried 
California, long 
treasure chest for rare mineral combina- 
tions. There are approximately 150 feet 


of brine beds, deposited from the waters 


of an ancient salt lake. From these beds, 
by means of shallow wells, potash and 
borax are being recovered on a commer 
cial scale. In the pumpings a complex 


of other minerals is found. Some t 
Dr 


me 


ago Foshag suggested that drillings 
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be made below the brine layers When 
the shafts were driven to the 300-foot 
level, it was found that layers of almost 
pure sodium bicarbonate and elay alter 
nated. This time, Dr. Foshag says, there 
is no question whatever about the identi- 
fication 

rom samples obtained from the lower 
levels of the brine deposit, he has iden- 
tified another new mineral, hitherto 
known only as an artificial chemical 
compound which has been named 
‘*burkeite.”’ 


Tuomas R. Henry 


A STRANGE FISH 

ONE of the world’s queerest and prob 
ably rarest fishes, a thread-like eel about 
seven inches long, has just turned up for 
the second time in history at the Smith- 
sonian Institution 

A few years ago, Dr. A. W. Herre, of 
the Field Museum of Natural History, 
found the first specimen in a brook in 
New Guinea. The second specimen was 
obtained by Dr. Paul Bartsch, of the U 
S. National Museum staff, in the open 
sea off the coast of Cuba. It apparently 
was attracted by a light lure from con 
siderable depths Both specimens, found 
thousands of miles apart and the only 
two o, their kind ever seen, were super- 
ficially very much alike, so that they can 
be placed without hesitation in the same 
genus. The Cuban specimen differed 
sufficiently, however, to be deseribed as 
a new species by Dr. Leonard P. Schultz, 
Smithsonian curator of fishes 

Both Dr. Herre and Dr. Schultz 
classify the new fishes as belonging to the 
general family of eels, whose principal 
characteristic is their thin, elongated 
body structure. The Cuban specimen 
has one peculiarity, however, for which 
it is unique among known fishes, al 
though some varieties of blennies have 
something roughly approaching it. This 
is an organ consisting of two minute bone 
tubes opening just back of the head and 
burying themselves in the flesh of the 


head. Some blennies have hard spines 


n a similar position, but nothing 
uld be mistaken for tubes. 

There is no clue whatsoever to 
function of this unique orga 
Schultz Says It might be revea 
dissection of the fish, but the singl 
men in the world is far too imp 
intact to be cut up for an anato 
study 

When caught, the little eel was 
in color and almost transparent. A 
the size of wrapping twine in the 
region, it tapered off to the siz 
finest thread at the tail. It is om 
smallest of the great eel family 
Schultz says, but a few others 
about the same size. Superficia 
resembles the genus of ‘“‘snipe 
which are found at considerable 
depths over most of the earth, but it 
the extremely characteristic jaws « 
genus 

At best, Dr. Schultz believes, th: 
ture is rare. It may be more cor 
than the two known specimens 
indicate because it is just the sort 
which would escape systematic col! 
and be caught only by accident. F 
great apparent gap in its distrib 
there is at present no logical explat 

Tuomas R. He» 


THE “PERFECT” ANESTHETIC 
GENERAL anesthetics have beet 
to produce pain-free oblivion durn 
gical operations for nearly 100 
but the search for an ideal an 
l] 


goes on in laboratories and 0} 


ST] 
ing rooms all over the world 
numbers of chemicals have beet 
for anesthetic properties, but, 
some are better than others 
them can be ealled perfect. 

‘*A perfect general anestheti 
Professor V. E. Henderson, of t 
versity of Toronto, Can., Facul 
Medi ine, **should produce not o1 
sence of pain and loss of me 
the operation, but eomplete unco! 
ness and such a deep depression 


central nervous system that 








muscular 


produce any 
as little effect as 
respiratory 


do not 


1 
Ss and 


n the 


nave Ppos- 
cardiae or 
It shoule 


very 


v edullary reflex centers. 


produce a state of low 


muscles; complete relaxation of 
al walls, as the surgeon puts it. 
should produce its effect quickly 
up reflexes 

respiratory passages or 
and be from direct 
‘t on the basal ganglia when in 
Its ef- 
should pass off quickly and com- 


setting undesired 
else- 
free stimu- 
centrations in the body. 


indication of its ac- 
the 
on of adequate amounts of oxy- 
its administration. No 
fulfilled all these 


. leaving no 


Lastly, it should allow of 


iwhout 
> thetic has as yet 
nents.’ 

s these effects on the body, the 
anesthetic should 


have certain 


and chemical properties. It 

ive high solubility in lipoids as 

ired with its solubility in water 

; are fatty substances found in 


The ideal anesthetic must also 
chemical stability in the body 
JANE STAFFORD, 


Science Nervice 
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-NTENARY OF CELL THEORY 


” I> GISTS the world over have been 


during the current year, one 
ost Important anniversaries in 
the 


science 


I the cel] theory. 


| IStTOry of cen- 


lt lifficult nowadays, when every- 
vman as well as biologist, takes 
anted (even though he may 
squinted through a micro- 

to realize that only three genera- 

the idea of the importance of 

e living bricks of which all 

es are built was as new as the 


s. To be sure, cells had been 


re. Early in the seventeenth 


is soon as the first crude micro 


available, observers 


Came 





Saw 


either as cavities in the 











COMMENTS ON CURRENT SCIENCE 


TISSI¢ Ss ¢ arver orva ST . or sihnv’ ’ as 
**animatlecules 
were not rightiv interpret 

It was not unt 
eves al d the 


TO the eel 


Matthias Jacob Schleiden, son of a Han 


burg phy s1¢c1an, who a I bore 4 
brilliantly interpreted these minute sub 
divisions of the plants | studied s the 
ultimate organized living ts He de 
sé ribed with considerable a racy the 
course of cell division, and regarded it 
correctly, as the essential basis of 1 


crowth 


General application of S den’s the 
ory to both plants and animals was made 
by another German, the zoologist Theo 
dor Schwann, much of reer was 


spent In the Bele an In ersil $s Oo! L, i 


valn Mi 
cells in the Tissues ol ] nis al iis 
espe lalliV in e@1 bi onl LIS ies, and ¢ ib 


lished the gener pplical \ t l] 
theory to all growth and de" pment 
Erik Nordenskidld declares, in his 

‘*History of Biology’’: ‘*It thanks to 
this theory that the present has been 
able to work out its conecey not! } 
nomena as a conne ! \W iT 
Schw hil 1) ryvi SI \ .3 i 
been victoriou 

RANK 10 

sy r \ 


THE RING STRUCTURE OF SILICA 


AND BORON 


THe versatility of carbon is p ! 
bial among all the « mel I na in na 
ture Carbon’s ability I 
itself in two ways ! ! oO! 
chains i unts I ! 
dreds of thousands i 
pounds 

Arranged in chains rbon 1 ~ 
sib! troleum, rubb ral 
oils a 1 tl] Ss ly nts \\ 1 i] 5 
ire tul | around lf ril t 
chemicals typified | . ves 
drugs and the synthetic resins result 

Chemists have long sou I 
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other elements duplicate the unusual 
and extremely valuable type of bonding 
which carbon can achieve. The Indus- 
trial Bulletin of Arthur D. Little, Inc., 
reports that they are gaining their goal 
in this respect ; at least in some cases. 

The best success has come with ele- 
ments, like silicon, which are closest to 
carbon in chemical characteristics. Sili- 
con, like earbon, has the ability to join 
up with four hydrogen atoms in a mole- 
cule. And, like carbon also, it has the 
power to form compounds with itself 
known as silanes. These silanes are 
analogous to the carbon compounds, 
methane and ethane, found in natural 
gas. 

Boron, too, is another element which 
can form compounds with its own atoms. 
Boranes may have as many as ten boron 
atoms linked in a chain. Both silanes 
and boranes ignite in air, sometimes with 
violent explosions. 

By joining nitrogen and boron, chem- 
ists have succeeded in making a ring 
compound which is extraordinarily like 
benzene. In fact, the compound is called 
inorganic benzene. 

It has practical significance in that, 
like real benzene, it is a liquid and a 
solvent for oils and fats. While it is not 
all that one desires even as a benzene 
analogue it may be a step on the way to 
improvements that will have important 
industrial applications. German chem- 
ists have been working in this field and 
it is comforting to note that American 
chemists, too, are studying the reactions. 

Robert D. Porrer, 


Science Service 


RESEARCH IN THE STEEL 
INDUSTRY 
STEEL once was considered the oldster 
among industries which did not know 
that constant research is the secret of 
perpetual rejuvenation A deeade or 
more ago there was a certain amount of 
scorn among practical steel men for too 


much flavor of research scientist. 


Now that attitude has changed and 1 


industry has changed with it. Just 
ot the big steel concerns has SO! 
laboratories that conduct researc] 
marily or incidentally, spending a 
$1,800,000 annually in scientific ss 
ings. U.S. Steel Corporation bega 
major fundamental research progra 
a large scale in 1928. 


Evidently it is good business for 





as it is for other fields. Dr. Rufus ] 


Zimmerman, vice-president in char 


research and technology for U. 8. St 


Corporation, feels sorry for any ste¢ 
pert who retired, say, 25 years ago 
who would try a come-back. He w 
be embarrassed by the mere size of 
hearths and blast furnaces, feel out 
place in continuous mills, hot and 
rolling a multitude of flat products 
need an interpreter for the new 
lingo of ‘‘slag-metal equilibrium,’’ *‘ 
sured deoxidation,’’ or ‘‘eontrolled gr 
size.’’ Alloy steels, including the st 
less varieties, produced in electric 
naces would puzzle him. 

Off production lines at the rate 
many miles per hour come steel prod 
that would have been minor mira 
few years ago. Take the shiny stee! s! 
that goes into a huge press and comes 
the two sides and top of an automo! 
Those several square yards of metal n 


not crack under the strain of the terri 


stretching and must be flawless on 
surface. 

A thousand automobile parts must 
identical twins, one with another. E 
must have the same desired grain s! 
order to harden the same way So as 1 
identically in the unrelenting rus! 
manufacturing and assembly. 

Steel is even challenging the light 
als, such as aluminum, in the airy 
and streamlined train field. Sta 
sheets as thin as 4/1000 inch and wy 


190,000 pounds per square inch tens 


strength are being produced that st 


; 


may do its share in speedy transporta 
Watson Davis, 
Director. Science Ser 
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minds and emotions there is also com 
plete orderliness Experiments — have 
verified the validity of Gibbs’s processes 
and have raised them to the level of pre 
clous tools for investigation by those 
who can use such formidable means for 
penetrating the unknown 

The Roval Society of London, the 
Paris Academy of Science and the Bel 
vian Academy felt it an honor to elect 
Hill to their memberships while he was 


vet almost unknown In his own country 











The Roval Astronomical society ol 
don awarded him its Gold Meda 
the Petrograd Academy bestowed 
him its Schubert Prize. The Roy 
ciety of London granted him the 
scientific honor in the British En 
the Copley Medal, and the Paris 
emy similarly honored him 


Damoiseau Prize. Columbia and P 





ton Universities, Rutgers Colleg 
the University of Cambridge (Eng 


eranted him honorary degrees I] 
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